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A P s T„ R A g I 
T\7o--^ 
Th« carbondloxid«*oxyg«n eycl* i t on* of th« nott 
interesting ph«non«non in n«tur«. In th« teeond stag* of 
the cycle ca]4»ondloxlde i s produced during animal catabolisn 
Lith«r by spontaneous decarboxylation of ^-keto acids or by 
oxidative decarboxylation of ^-kete acids. 
The decarboxylation reaction also pl^iys an important 
role in the syndesis of a large variety of organic CMipounds 
naeiely^ alicanes, unsynsetrieal ketones»o<'-naphthyl alkyl 
acetic acids, alkyl or aryl halides, aromatic and heterolytic 
hydrazines and (X-nltrotoluene etc. The usefulness of this 
method of synthesis depends upon t««o factors i (1) the 
introduction of a cajdboxyl group at a desired s i t e in ^ e 
nolecule by oxidation or by other siethods and (2) the 
possibility of the r«aoval of a carboxyl group under favourable 
circuRStances. There appears to be no limit to the variety 
of compounds* n^ich can be produced by the proper conbination 
of ^«se two <^erations. 
I t has been stjU>lished that decarboxylation could take 
place either by a ( i) uniaolecular or via a ( i i ) biaiolecular 
elMtrophilic substitution aiechanisii* In the unisiolecular 
electrophilie substitution nechanisn the acid nay decarboxylate 
as i t s anion, nay decarboxylate as such and nay decarboxylate 
in zndtter ionic fom. Beside these three indivisual nodes of 
d*c«nK>xyl«tlon. the r«t« data of d«e«rboxyl«tion of an acid 
nay bt axplained in ttzma of moro than on* taxn involving tha 
concantxations of anion, sudttarion ox tha undiasociatad 
fflolacule. 
in tha bimolaculax alsctxophilie aubatitution. tha 
oMich^ niaffi haa baan ahown to conaiat of tha fozmation of an 
activated coo^lax, a caxbonyl eaxbon aton of tha xaactant 
cooxdlnating with the paix of unahaxad electrona on one of tha 
nuclaophilie atona of tha solvent faacilitatlng cleavage.'^ The 
xata dataraining atep i s the formation of txanaition state. 
The observed lowering of activation energy with Increasing 
basicity of the aolvent confiraia tha validity of binoleculax 
substitution aechaniam. 
The exiatence of an isokinetic twaperatuxa, for the 
decarboxylation reactiona, at n^ich the rates of decarboxylation 
of cartain acid are the sane in a nunber of aolvents, and ia 
arrived at by detemining the alope of a line obtained by 
plotting ^H veraua A^ ia a proof of the aechanlan of 
decarboxylation being the aane in a l l thaaa aolvents. 
Chapter 2 of the preaent thaaia ia/an extenaion of Clark*a 
work on tha decarboxylation of c<*picolinie acid in nine 
additional organic aolvanta namely, aniline* o-toluidine, 
••toluidine, p*tolui<jina« o-craaol, m-creaol, o-ehloroaniline. 
s*ehloxoanlline and dlphenyl aislne, und«7 in«rt atmosphere 
of nitrogen.) A detailed experimental study and theoretical 
discussion of the nechanisn of decarboxylation of plcolinic 
acid has b(»en given in order to decide ivhether the xnvitterion 
fons (I) or the cyclic formill) i s the dmsinent init ial 
reactant 
Ni, 
H* H 
il) (II) 
The experimental results show that the decarboxylation 
of picolinlc acid takes place through a biaiolecular nechanisn 
involving the unionised acid noleeule. The rate deteznining 
•tup of the reaction apparently involves the coordination of 
the polarized electrophilic carbonyl carbon atom of the acid 
with an unshared pair of electrons on a nucleophilic atom of 
the solvent sielecule.y The conclusion has been drawn frosi 
the detailed study of the calculated thermodynasiic parameters, 
the observed isokinetic tesqoerature line and by coaparing 
the observed data with that of aalenic acid already reported 
by Clark. The solvent effect has been thoroughly analysed and 
Int«xp7«t»d In t^rnt of •tftrlc» Inductive and •Itctromtrlc 
•ff«ctt. 
In vi$m of th« extxtna inf>ort«nc« of pyruvic acid in 
biocharalstry and lack of pxaviout data, chaptar 3 and 4 of 
thla thaala» raapactivaly daal with(tha naehanlam of 
anaerobic dtearboxylation of pyruvic acid, the firat manbar 
of tha hocBolo90ua sarlea of cK-keto aclda, in threa organic 
eolventa namely a-nitroaniUna, o>chloroaniline and fli*chloro» 
aniline and the oxidative decarboxylation of the pyruvate ion 
by alkaline hexacyanoferrateClII) ion. 
the atudiea ahow that the decarboxylation of pyruvic 
acid like any other o<and (2-keto acid, takea place through a 
binolecular nechaniaa* The rate detemining atep of the 
reaction involves the coordination of the polarized electrophilic 
carbonyl carbon atoai of the acid w i ^ an unshared pair of 
electrons on a nueleophilic atom of the aolvent. In solvents 
0* and M* chloroaniline, the unionised acid aiolecule and in 
aolvent »-nitroaniline, ionized acid aolaeule are involved in 
the rate detexaiining step. These results have been concluded 
fresi the study of the ini t ia l rate of decarboxylation of the 
reaction without ^ e Interference of ^ e reaction products 
because i t was observed that the intemediates and the products 
foraed in the course of the reaction increase the eonplexity 
of th« ovtr«ll ffl«chanliai ndth « fubt«qu«nt ttablishsiftnt of 
•quilibriun. Th« Initial rat« dat« predicts that tha 
dacarboxylatlon i s of simple kinetic order and the binolecular 
mechanisn follows in all the solvents studied. The mechanissi 
In n*chloroaniline» for exaa9}le» could be sho«m as 
- COOH 
• COj • CHgQiO 
J 
The results are alto indicative that in the solvent 
ii«nitroaniline, ionixation of the acid takes places and the 
anion undergoes decarboxylation through the foztiation of an 
activated eoaplex which closely ressables to that of the 
unionised acid. The observed kinetic data have been explained 
in the light of the calculated theraiodynaaic paraneters and 
obt«rv«d •olv«nt •££«€% «ihich in turn hat be«n explftin«d in 
tftrn* of Inductive and elactromerlc effects, 
Since pyruvate i s known to undergo a variety of 
oxidative decarboxylation reactiont of fundainsntal biological 
importance, an attwnpt hae been made to study the kinetics 
of 
and inechanisBi of oxidative decarboxylation^pyruvate ion by 
alkaline ferricyanide ion. The results of such a study have 
been shown in Chapter 4 of tKis thesis. 
It has been shown th<eittthe oxidative decarboxylation of 
pyruvic acid by alkaline ferxicyanlde ion is of simple kinetic 
order subject to ^ e proviso that the molar concentration of 
the pyruvate ion is far greater than that the molar concen-
tration of ferricyanide in a given reaction./ It was also 
observed that some kind of free radicals are involved as an 
intermediate in the reaction mechanism, addition of sodiin 
chloride and potassium chloride to Increase the ionic strength 
of the reaction mixture,^the rate of the reaction while 
ammonium chloride retards the reaction rate. The fact that 
the rate is much affacted by ionic strength of the medium, it 
may be assumed that the rate determining steps involve the 
ionic species. Thus on the basis of the experimental results. 
1 
un<i*r th« conditions mentioned above, tho follovdng rvaction 
mschaniSR hat bean pxopotad* 
11) CH,- C • C, • OH" :5=* 
0 ^ 0 
\ 0' 
fe CH . C — C. 
k - 3 '- \ 
- 1 OH 
3- k I <^ ^ (2) Ol^-C • C + Fo(CN)^ "•-^•» CH-- C - C, * Fe(CN)^ 
"* I \ ^ - ** 3 I \ . o 
OK OH 
(3 ) CH-- C . C, 
o 
OH " 
Fa(CN)i 
fas t 
0 
II 
CHg"* C • OH • CO. 
0* o 
OH 0 " fast 
II 
C 
/ 
OH 
^ — 
0 
H 
C • CH-
0 
•CH 
(5) 'CH, 
^ C2«6 
i!2i 
^ 1 • III ^ 
» CH^OH • H' 
CH. 
KINETIC STUDIES ON THE DECARBOXYLATION 
OF ORGANIC ACIDS 
THESIS SUBMITTED FOR THE DEGREE OF 
DOCTOR OF PHILOSOPHY 
IN 
CHEMISTRY 
TO 
The Aligarh Muslim University, Aligarh 
By 
VIMAL SHEEL SINGH 
M. Sc (Kanpur), M. Phil. (Aligarh) 
DEPARTMENT OF CHEMISTRY 
Aligarh Muslim University, Aligarh 
November 1976 
T1704 
^ 
^ f ) JtUO f^ 1 ? ^ ^ ' 
D E D I C A T E D 
TO 
THY LOTUS FEET 
%rtment of Chemistry 
A L I G A R H M U S L I M U N I V E R S I T Y 
A L I G A R H , U. P., I N D I A 
Phone : Offic : 3345 
Date 1 ' \o .16 
In this Uivr- 3 i s tbo Qii.gjUiia worlt of Hr.i'iaal 
jihoia. Sincli iai® wider ay gupanrlslcin. S^o tliaaia 
i s »tttablo Toi? autoisaloB for tho awcsTd of >. i,) • 
dogre© in L;I- iJlatry. 
A C K N O W L E D a E M E N T 
Z, with profound 6«ns9 of gratltud*, with to ttxprMS 
ny thanks to Oz«K.C«T«w«rl» fl«ad«r In Chemistry,Allgarh Muslim 
Unlv«rslty,All9axh for his snlnent guldancs throughout ths 
progress of this work. 
1 am sxtrsiiely gratsful to Dr. Balkrlshna,Professor In 
Chemistry, University of Allahabad, Allahabad who has ever 
obliged rae by his valuable suggestions and occasional discussions. 
X an equally thankful to Dr. M.^ . Ahmad,Professor In Chemistry, 
Allgarh Muslim University, allgarh for some useful suggestions. 
Thai^s are also due to Dr. If, Kahnan, Head of the department 
of Chemistry, Allgarh Muslim University,Allgarh for providing 
all the necessary fac i l i t ies to prosecute this work. The 
financial assistant In form of a Junior Research Fellowship 
provided by the University Grants Commission, New Delhi Is very 
sincerely acknowledged. 
Lastly, I am pleased to c i te the moral encouragement and 
solemn cooperation of my researchmate Dr. Hamesh Chand Gaur. 
The author will never be able to forget ^ e Indlvlsual 
behaviour of his colleagues. 
VIMAL SKEEL SINGH 
C O N T E N T i > 
CKAPTER TITLE P#¥3b 
i . 1 - SCOPE OF THE DiCAHBOXYLAnON REACTION. 
i . 2 - r£CHAI^I»M OF IHE DJCARaOXVLAnON REACTION. 
1.3 - REFEEENCES 
2 RATE bTUPIEb ON THE DijC.^ iaOXYLATION j3f ^ g 
2 . 1 - mELiiaN/my HEMARKS. 
2 , 2 - UaTEHlALS EMPLOYED. 
2 . 3 - .APPARATUS USH>, 
2 . 4 . aTUDY OF THE PHOGEkaS OF THE REACTION. 
2 . 5 - RESULTS. 
2 .6 - 0I;>CUi»SION. 
2 . 7 - HcFfcHEICES 
3 . 1 > PRELIMINARY REMARKS, 
3 .2 - MATERIALS EMPLOYED. 
3 .3 - APPARATUS AND TECHNIQUE, 
3.4 - RESULTS AND DliSCUSSION. 
3 .5 - REFERENCES. 
4 OXIDATIVE PeCARBQXYLATION OF PYRUVATE ^35 
IQn BY ^-K^im H|XACYAfl?PPHATlUPl 
ION. 
4 . 1 - PREUMINARY REMARKS. 
CHAPTER . TITLE PAG£ 
4.2 • MATERIALS EMPLOYED 
4 . 3 - STUDY OF 1HE PROGRESS OP THE REACTION. 
4 . 4 - DETERMINATION OF THE ORDER OF THE REACHON. 
4 . 5 - DETECTION OF THE END PRODUCTS. 
4 . 6 - DETECnON OF FREE RADICALS, 
4 . 7 - EFFECT OF VARIATION OF COtCENTRAnON OF THE 
REACTION PRODUCTS, 
4 . 8 - EFFECT OF VARIATION OF IONIC STRENC3TH UPON 
THE REACnON VELOCITY. 
4.9 . MEA;»UR£MENT OF ACHVATION ENERGY, 
4 . 1 0 . DISCUSSION. 
4. li. REFERENCES. 
»»•»•»• 
CHAPTER 1 
I N T R O D U C T I O N 
i 
1.1 SCOPE OP IME DECARBOXYLAnON REACHON 
Th« Garbondloxld««oxy9«n cycl« 1« on* of th« 8M>tt 
lnt«r«»ting ph«nom«non in n«tur«. In this procMt qx%9n plants 
changt th« tn^rgy of sunlight into chtmical snsxgy, and animals 
mak« uss of th« chtmlcal snergy thus stored in ths plant foods 
to carry on thair various functions. In ths f irst staga of tha 
cycla, tha qfn plant, with tha aid of sunlight and chlorophyll, 
usas mainly ca2i>ondioxids and watar t^ manufacture starchas and 
other substances. In this stage energy i s absorbed and oxygen 
i s released into the atmosphere. In the second stage the animal 
organism vdth the aid of eniymes and vitamins, converto the plant 
foods ultimately into carbondioxide and water. In this stage 
energy is released and oxygen i s extracted from the atmosphere. 
Itie long range global operation of this cycle preservesthe 
various components of ^ e atmosphere at nearly constant 
proportions. 
the study of the f irst stage of the carbondioxide oxygen 
cycle (carboxylation) by Calvin, Bassham and Benson^ using carbon* 
diexld* labelled ^^^ have shown that one of the f irst substances 
feined during photosynthesis i s phosphoglycerlc acid, 
CHjC0^ 0^ 2)011011 COOH. The radieactiva carbon i s found to be 
iiore abundant in the aatboxyl greup than in the other two carbon 
AtoiiS of the molacul*. In tha second stage of the cycle 
3 
(decarboxylation) tht cazbondioxldo i t producod during 
anlMl catabolitn oithar by tpontanaoya docarboxylation of 
/3»k«to aeids or by oxidativa dtearboxylation of^-ktto acidar 
Laboratory atudiaa on tht dtearboxylation rtaction 
havt vtry often bttn pronspttd by a dtairt to gain a bttttr 
undtratandlng of tht cos^ltx faetora optratlng in tht ttcond 
ttagt of caxbondloxidt>oxygtn eyclt* 
Tht dtearboxylation rttction alto playt an important 
rolt in tht tynthttia of a Itrgt vaxitty of organic compoundt 
nasntly, alkanttf untymmetrical kttonta; cK-naphthyl alkyl 
acttic acida? alkyl or aryl htlidtt?*^*® aromatic and hettro-
lytic hydraxintt and (X*nitrotolutnt^ ttc. Tht uatfulntat 
of thit ntthod of tynthttia dtptndt upon two factorts (i) tht 
introduction of a carboxyl group at a dttirtd t i t t in tht 
moltcult by oxidation or by othtr iiitthtda» and (2) tht 
pot i lbi l i ty of tht rtnoval of a carboxyl group undtr favourablt 
cirt^nttanett. Thtrt apptara to bt no liaiit to tht varitty 
of ttfl^undt which can bt pzt>ductd by tht proptr combination 
of thttt tuft tptratitnt. 
1.2* MtOltANXSM OF IHi DSeARBaXYLATION RSAC1X0N 
St hat bttn wtll ttablitht^ that dtearboxylation could 
tike plact either by » ( i ) lanlaeltcular or via a {ii)biiioltcular 
eltetiephille tiib»%ttuti«n atclianitii. 
4 
Thtx* «r« thr«« pottibilltlM by which organic acids 
may daearboxylatt by a unlnolacular •Icctrophllie tubttitutlon 
ffltehanisn Thatt axa (1) tha acid nay dtcazboxylata at its 
anion} (2) tha acid nolacula may dacarboxylata at such} and 
(3) the acid may dacarboxylata in zwittarlonic form* 
^cording to Brown thaaa poaaiblUtiaa art contitttnt 
with tht following potltiont of a protont 
(a) Attachment of tht proton to tht tolvtnt, dtcarboxylation 
procttding in anionic form. 
? ? . . 
H , C - OH > R • C - 0 • H 
R • c - 0* -Slant—^ R- + cOg 
fC • H* •' ^^^^ • •> RH 
(b) Attaehntnt of tht proton to earboxyl oxygtn atow, 
dtcarboxylation of tht acid noltcult taking plact at tuch. 
n • C • OH '• > HR t> CO^ 
(e) AttachMtnt of tht proton to R, dtcarboxylation taking 
^ica via a xwitttri#n. 
... I H^ R • C • 0* ^ Wl • COj 
0 
3ttld« th«tt thr«t Indlvitual iiod«t of decarboxylation, 
th« x«t« data of dacarboxylatlon of an acid may ba axplalntd 
in taxms of nort thtn ona tazii involving tha concantrations 
of anion, zwittarion or tha undiasociatad aaolacula* 
i»adaraan*a work^^ on tha dacarboxylatlon of tha nltro-
acetic acid and (X.nitroitobutyric acid provida a convincing 
•vidanca for uninolacular machanlamt Both procasaaa wara 
found to ba a f irst ordar with raapaet to tha anion of tha 
acid and tha addition of bronlna had no affect on tha rata of 
th» decarboxylation of tha anlona even though tha nature of 
the products were found to be completely different as shown 
below 
(CH3)2(N02) C-COj ^ tCH3)2^**^2^ ^ " ^ ^2 
^ (083)208 — NOg 
(CH3)2(N02) C 
•^  (083)20 Br • NOj* Br* 
This i s further substantiated by the fact that 2-nitro-
propana does not bra»inate under the conditions of the 
reaction. Other acids which dacarboxylate in an analogous 
iiannar are phenylprapionic atid, 2,4,4»trinitrobenxoic acid, 
trihaloacetic acids^^*^* *n4 eyanoacetic acldP In these cases 
the substituents have very atrong electron withdrawing power ^kyut 
helps in tha forsiation of a earbonlon. 
^ 
Broivn and HMmlck^ showed that th« dacarboxylation 
ef quinaldlnic acid pirocaadt via a zwlttarlon. Th« anion in 
this cast i t ttablt and tha rata of dacazboxylation i t 
psroportional to tha concantration of zwrittarion and not to 
tha fraa acid. Thia vlaw i t auppoxtad by tha fact that tha 
nathylbataina(X) of tha acid dacompoaas vary raadily. 
, COO 
(I) 
Sevaral othar acidt, v i i . , o<-.mathyl, o<»2»pyridyl 
11 11 
butyric acid, 4-pyridylacatic acid, thiazoIa-2-carboxylic 
acid^^, 2»thiatola acatic acidj"^ anthranilic acidP pyxazina 
pyridlna dieaxboxylic acidP and a faw othaz N-aubatitutad 
carbaxylic adda^^ alto dacarboxylata through zwittaxlont. 
rpx toiia aeidt, tha rataa of dacazboxylation via anion 
and x«d.ttaxion ara coaipazabla. /a*kato aciidt could ba placad 
in thia clatt . Tha zalativa zataa of dacoflnpoaitlon of tha 
aniana and of tha undlitociatad acid for aavaral /6 .icatoacidt 
hava baan aiaaturadr^ Slnea cx, o<. •dinathylaeatoacatic acid 
iNhich cannot axlat in an anolle form i t raadily dacarboxylatad. 
7 
Ptdtxitn^^ b«ll«vtd that th« kttofount of ^-lt«to*clds %f 
unttabi*, and thartfox*, probably dtcarboxylata a» zwlttaz* 
lona (IX). 
0 
CH3- C - CHg- C(^ '> 0(3 - 0 • Oi^ • CO. 
OH* ° OH 
(II) 
Waathalniar and Jontt^ on tht othar hand have propoa ad that 
In tha dacarboxylatlon of (X,o<.-dliB»thylacatoac«tlc and tha 
Intanaadlata la a hydrogan bondad structure aiKl not a swlttar-
ion aa ballavad by Padaraan. In aupport of thalr argumant, 
thaaa workara ahowrad that tha rata of decarboxylation of 
o<t cK-dlmathylacatoacatlc acid la virtually Independent of 
the dielectric conatant of the nedlun. 
Tha rate of decarboxylation of plcollnlc acid aaemad to 
Invalvai both a hydrogen bondad atructure and a zwltterlon. 
Cantwell and Bsom^^'^ found I t diff icult to decide between 
theat twa for»a of the decarboxylating apeclea in tha caae of 
plcollnlc acid and ita Methyl derivative. 
A alMllar difficulty la encountered by Dunn and 
Pryaiainluk^^ In the eta* of aubatltuted anthranlllc acid. I t 
hat bean pointed out by Daviaa^ that heavy metal lona exert a 
s 
stron9 positlv* citalytle •ff«ct upon th« decarboxylation 
of k«to»dlc«xboxylle «cld», *»hll« th« n tUl t h*v« no Hftt 
on tho (l«carboxyl«tlon of /3-keto«onoc*rboxyllc acids. Thut 
tht dacarboxylation of oxaloacatic acid* , acttona 
dicaxboxyUc ac ld^*^ and dihydioxytaxtaxic acid"*®**^  haa 
b«*n xaportad to b« catalyzed by nttal iona, <«hil* tha xatt 
41 
of dacaxboxylation of acetona auccinlc acid '^  aaamad to bt 
haxdly affectad at a l l . Tho rata of decarboxylation of 
oxaloacetic acid haa been best expxeated in texma of the 
concentxation of the fxee acid, nonoanion and the bivalent 
ion?^ It appeaxs that the metal ion tenda to form a chelate^*^^ 
and dacaxboxylation pxoeeeda via a transition state. 
( i i ) BiieolecMlax Thexiial Decarboxylation 
(a) Bimolecular Electrophilic Subatitution Mechanian^-
Schankel and Schenkel^Hudin^ propoaed that ao»e organic 
acids deeaxboxylated by a binoleeulax elUrtrophilie substitution 
•echanism 
H* • RCO3H ^ HR 4 COj • H* 
in wKieh the rata det«f»ininf atap ia tha attxactian of a 
pxoten by the carbaityllc aci.4. Hie kinetics are ^en governed by 
the aquation 
Rate • k [H*] JRCO^ (X.i) 
9 
Thus pos«lblUti«t ariftft (1) th« proton may attack th« 
undltsoclattd acid utolacula yitiding tht rata aquation 
glvan abovat and (11) tha proton nay attack tha anion of 
tha acid 
H* • RCOg *• HR • COj 
whan the klnatlc aquation will ba 
Hata » k [RCOJ] [HJ (1.2) 
For althar fnachanlam rata will ba dapendent on the attraction 
batwean tha (X-carbon atom of tha acid molacula and a proton. 
Slnca tha formation of tha anion will tand to incraaaa tha 
elactron density ocw cx^carbon atmn. It may ba 9xp<»cf<i that 
machaniam (aq, 1.2) will raqulra lasa activation anargy than 
tha fixat. I t la poasibla that aach of thaaa roachaniama may 
oparata aaparataly or "togathar. 
Thara haa baan two Unas of approach to tha study of 
blnolacular alactrophllic substitution machaniam; (1) to 
datarmina tha axact ralatlanshlp batwaan tha rata of dacar-
boxylatlon and coneantratlan of hydrogan ionat and (11) to 
study a nwnbar of aelda of tha sama alactronlc typa. As an 
axanpla« tha dacarbaxylatian of anthracana-9«carboxylic acld^^ 
takaa placa mora raadlly in acidic than In basic madiun. Tha 
dacarbaxylatlon of matitonic aeld*^, aubstltutad masitonic 
( J 
•cld^*, txintthoxy bttnzolc «cl<i** and 2,4,6-tri*lkylb«n*olc 
acid hat b««n raporttd to b« acid catalyxtd. 
First application of tha approach to study tha dacar-
boxylation of soma acids of tha sana alactronic typa vwas mada 
47 
by Johnson and Hainz who studlad a nurabax of substitutad 
clnnamlc acids. Tha ozxtar of xatas of dacarboxylation could bt 
coxralatad to tha alactronic affact of tha substituants R* and 
a* on tha basis of tha following blmolacular machanism. 
R 
I 
C - COOH HA 
• A 
-f H^ + CO, 
A ••• H^  ->• HA 
Howavar, tha invastlgfations of Cohan and Jonas^^ 
ravaalsd a conplax pH dapandanca of tha rata of dacarboxylation 
of p*hydroxycinnaMie acid, Aceording to thasa authors» tha 
rata conatant is fivan by 
K<^ • ^  [Hao*} "' -1 * "2 ["30*7 " H • '•3 h°*] "' o<^  
11 
whftr* (X.* 0^ 2 *^ ^ 3 *^* ^^* fraction of undlssociat*d 
acld» monoanion and dlanion ratptetivalyt and nj,, n2 and n^ 
tha oxdaxa of raaction with ratpaet to K3O'*' Ion for tach of 
tha spaclat. Tha valuta of nj^ *^ r^ and n^ havt baan raportad 
to ba 2 /3 , 1/2 and 2/3 ratpactlvaly. Iha maehanian aaama 
to ba aa undart 
R • ^ - s = = CH CXK3H -^R 
R " -<^ >•— C • CHj 
K 
c — c -i~ c 
H H 
PH m 1«3 
In pH ranga 1«3, a caxbonluM Ion nay ba an Intamtadlata v^lla 
In pH ranga 4*6, probably a xwlttarion la xaaponalbla for tha 
dacarboxylatlon* 
HO • - J - CH« - COO* '^—^ HO"^  = \ / = 
»Glf » CH^ 
= C.CH^COO 
H ^ 
pK » 4*6 
1;^  
In d«flnlttly «lk«lln« letdia, th« decarboxylation took 
plftc* via quinontMithina which ia fomad by tha pzotonation 
of tha dianion 
C^ 
' 0 • < ^ ^ -CH « CH • COO Q "4!^ % -CH«CHj 
-CO^ 
* ^ CH - ' CHj - C 
pH>7 
.49 Jaitootkar and Ketchaur hava rtportad tha decarboxylation of 
cx* p^nltrophtnyl-tranacinnamic acid to taka plaea at ahown 
balow* 
•*^ . H'^^'^k'^^-i^^hysi^i^^^j) 
ii 
• 50 
D«e«rboxyl«tlon of (X e^yano «nd ^•cArboxyoclnnamlc «cidt 
i t alto rtportod to procMd by « blnolocultr machanita* 
Tht rattt of decarboxylation of a tarlat of hydroxy 
51 btnzolc acldt wara ttudiad by Brown undar comparabla 
conditlona in raaorcinol and tha raaulta ware best explained 
In terms of a blnolecular mechanlsn. The rates Increased and 
the activation energy decreased In the order benzoic* o~hydroxy 
benzoic* 2,4«>dlhydroxybenzolc and 2,4,6-trlhydroxybenzolc acld» 
which Is the order in which the substltuents faci l i tate the 
approach of a proton to the anionic c<-carbon aton. 
COOH 
^ ^ -OH 
SH — > ^ x ^ u w 
& 
To explain the rate data, attack of a proton on both the 
unlonlied acid and the anion has been presumed. A similar 
•xaaipla was reported by Pressman and Lueas^^ t9x the decar-
boxylation of /3 •hydroxyvalerlc acid. 
Decarboxylation of salicylic acid and Its derivetlvea 
haa bean exhauatlvaly ttudlad by a nus^er of workera?^*^ 
AcGordln9 to all thesa invattl^ators tha machanlam of the 
detarboxylatlcr nf tal iayl ie add and Its darlvataa la bast 
•xplainad by blmolaculax alaatiophlllc substitution mechanism. 
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thit InvolvM •n interaction bttwttn « proton ind «n anion 
at wall at tha acid molacula, in tha rata datarmlnlng ttap* 
(b) Dacarboxylatlon of «xand /s-kttoacidt In organic 
aolvantti* 
Dlcarboxyllc acldt Ilka malonle acid and adlplc acid 
b«long to tha clatt of /3-katoacldt» In which tha two 
carboxyl groupt art attachad to tha taa* carbon atom, lota 
carbondloxlda undtr a varlaty of axparltaontal conditions-
Tha kinetic ttudlat on tha thasmal decomposition of thete 
acldt in aqueout and non*a<{ueout tolventt have been Invettl-
gated thoroughly.^ The decoMpotltlon of malonlc acid 
and Itt derlvatlvet like clnnanylnalonlc acid , benzylmalonic 
acld*^^ hexylmalonlc acld^"^^ and butylmalonlc acld^^»^^ in 
tolutlon hat been reported in nore than f i f ty aqueout and non-
aqueoua tolventt. Malonlc acid hat been extentively ttudled in 
tolventt telected freie a wide range of homologout seriet, viz. 
•roiiitia *tdnet*^''^5 ««Mtatlc*^ and aliphatic^'' alcoholt, 
•omtafbe^eyllc aeldt^'. aromatic nitrocompoundt^^ ether?^ 
thlola''^*^, aldehydtt^, photphatet''^, tulphoxldet''^*, phenolt*^ »^"^ 2 
and pelyhydxexy cat^ poundt* 
The decoaponitlon of mlonlc acid and Itt derlvatlvet 
In different aelvantc wat found klnetlcally of pteudo f i r t t 
osdtrt but the rut* ^f reaction In each advent differed due 
to the fomatioA 9f *n inteznediate coaplax. The nechanlaa 
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h*t bttn shown to contitt of th* fozinatlon of an activatod 
coapltx, a carbonyl carbon aton of tha raactant coordinating 
with tha pair of unharad alactront on ona of tha nuclaophilic 
atont of tha solvant, fateilltating claavaga. Tha rata 
datarminlng atap la tha formation of transition atata. Aa an 
spaeific axanplt Fraankal, Balford and Yankwich in 1954 
on tha daearboxylation of nolonic acid in dioxana and quinolina-
dioxana mixtura, found that tha rata of tha reaction was 
proportional to tha concentration of quinolina. Tha rasults 
wars further confirmad by Clark ^ and laad to tha conclusion 
that tha decarboxylation la a binolacular reaction as shown 
in the following mechanisai 
rt^ 
^ N ^ 
Ov 0 
Os %i.--^ "^  
GOj "•• 
1 
OH 
-> 
J 
HjC / 
OH 
\)H 
CH3COOH 
16 
Tht obttrvtd lowering of •n«rgy of activation *idth 
Inc7«««ln9 batlclty of th« lolvtnt conflms tht abovt 
tntchanltn fox malonlc acid and Its dtrlvatlvas. According 
to abovt proposal, tht rtactlon occura through tht formation 
of an actlvattd coitpltx Involving a polarlztd carbonyl carbon 
atom of malonlc acid (prtatnt In tht kttont chtlatt ttructurt 
propoatd by Wttthtlmtr and •^onta^ ,^ at wall as by King ) 
and tht nucltophlllc nltrogtn atom in tht qulnollnt nucleus. 
Tht substqutnt fast cltavagt of malonlc acid In tht actlvattd 
complex Is favoured by two Important clxcumstanctsa ( i) the 
partial neutralisation of tht effective positive charge on 
the polarised carbonyl caiHbon atom of malonlc acid due to the 
propinquity of the unshared pair of electrons on the nitrogen 
atom In qulnollne, and (2) the hydrogen bridge In the six 
meiidoered ring of the chelate structure fascllltatlng tht 
transftr of the hydrogen atom from one oxygen atom to the other. 
In the kinetics of the reaction the rate determining step Is 
the fomatlon of the activated complex via a nucleophlllc 
attack on the n bonded carbon atom. This step Is essentially 
tht addltitn of t^t iM>ltcult tf tht anlnt (tht nucltophlllc 
agent) to %ii» moltGult of malonlc acid (tht tltetrophlllc ag«nt) 
ftnsifig a nueltephil«*tltetrophllt pair and Is thus a nuclto-
phlllc addition rtactlonj® Afttr tht formation of tht actlvattd 
1 7 
ci>m>ltx th« dtcaxboxylatlon rtt«etlon i t s e l f •vidtntly 
•iitu«s x«pldly through htUrolytlc f itt lon yitldlng a proton 
and • carbanlonf^ Th« l«tt«r quickly xaarringo to *c«tlc 
acid. Tha decarboxylation of malonlc add la thus qulta 
alnllar to a blnoltcular nuclaophlllc substitution reaction 
Fur^ermore In general the anions of /6-ketoaclds are 
less susceptible to decarboxylation than the corresponding 
acids. Pedersen^ found that at lfl° dlniethylacetoacetlc add 
reacts In water solution 1@0 times as fast as Its anion. 
Wldmark®^  observed that acetoacetlc acid In iwater at 37° 
82 
deconposes 53 times as fast as the anion. Hall''^ observed 
that RMlonic acid In water at 98° decomposes 10 tines as fast 
as its nalon. It has also been reported that in the case of 
decarboxylation of eaigphor-3*carboxylic acid in water at 
98° the unlonlied acid reacts about 34 time as fast as does 
the •»l9ii» 
The general neehanlsn reported for the dlcarboxyllc acids 
showei clearly that enly one carboxyl group is involved in 
rate detenslning stei^ , Zt should therefore be deduced that 
the «enocarboxyli« salds should alee be capable of undergoing 
decarboxylation in polar solvents by the sane nechanlsm. This 
deduction has been conflrwed by the kinetic studies on the 
IS 
dteaxboxyUtlon of oxanlc »cld®**®^ and oxanlllc® acid in 
polar and nonpolar tolvtnti. 
Oxamle acid and oxanilie acid balong to tht typt of 
o<»kttoacidt* Tht axttntivt kinatic ttudiaa on tha dacaxboxy-
lation of thtaa cK k^ato acids hat bttn rtpoxttd by L.W.Clark 
in Bjolttn taltt at wall at in difftrtnt tolvtntt. ** Clark 
alto ttablithtd tht txltttnct of an itokinttic ttmptraturt 
for tha dtcarboxylation of thtat acldt. Tht Itokinttic 
ttmptratura i t tht ttmptraturt at which tht rattt of dtcar-
boxylation of ctrtain acid art tht tamt in a numbtr of tolvtntt 
(mottly btlong to tht tamt hoiRologout t tr i t t ) and i t arrivtd 
at by dtttrtnining tht tlopt of a l int obtaintd by plotting >6Kvs 
AS for tht dtcarboxylation in thtat tolvtntt. A lintar 
t t 
rtlationthip bttwttn tht AH and AiS in a numbtr of tolvtntt 
i t a proof of tht ntehanitoi of dtcarboxylation bting tht tant 
in al l thtst tolvtntt. Tht ftct that a l l thttt rtactiont 
eonfini to tht tamt itokinttic tts^traturt l int i t ttrong 
tvidtnet that thty al l takt plact according to tht tant 
mtchanltii. Tht ratt dtttrwining tttp in al l thttt eattt of 
o<-katoaeidt ht'^t bttn thtwn t t t tnt la l ly tht tant, namtly, tht 
foxMtion prior to eltavtgt, of a trantition compltx involving 
coordination bttwttn «»t of tht polarirtd t ltctrohil ic earbonyl 
carbon atomt of unionistd acid with an unthartd pair of tltctront 
1.0 
on « nucltophllie aton of tho tolvvnt aol*cuIo. 
Chapttx 2 of tht prtttnt thttit i t an txttntion of 
Clarkt work on tht dtcarboxylation of o<-picolinic acid in 
organic tolvanta. A dttailod •xptxinvntal study and 
thaoratical diacuation of tha machaniam of dacarboxylation 
of picolinic acid in nina additional organic aolv«nta,undar 
inart atniosphere of nitrogan» haa baon givan in oxdar to 
dacida «4iathar tha xwLttarion forffi(I) or the cyclic fom(II) 
ia tha doi&inant in i t ia l reactant. 
^ 
N ^ 0 
(II) 
In viaw of tha axtrana inportanca of pyruvic acid in 
bi««lia»iatfy and laak of pravioua data, chaptar 3 and 4 of 
thla thtaala, xatpactlvtly 4M%\ with tha ntchanian of anaorobic 
dacafbaiKylatlofi af tysuvit ftfltf« tha flrat maiid>«r of tha 
ha«alof«iia tariat «f ^«4£«t«aitii»y In thra* organic aolvanta 
and tha «xidativa it««vbaxyi«tli«i t f tha pyxuvata ion by 
alkalina haxacy«ntfarv«ta(XSI) Idiit A ahort account of tha 
iHpartanca of pymvie acid la fivan l»al«»w. 
^0 
pyruvic acid i t tht tliiipl*st •xtnpl« of cx.ic«to«cidt. 
I t shows reactions of both, kstonss and acids. Ths ktto 
group in pyruvic acid Is highly rsactivs. I t yltlds an oxima, 
adds hydrocyanic acid and foms a phanylhydrazona in a 
typical katona fashion. Pyruvic acid i s capablt of forming 
salts, astars, acid chloridas and othsr acid common darivatlvas. 
I t i s mlscibla in a l l proportions with watar alcohol and athar. 
On cooling i t solidifias to giva a crystallina mass which 
mslts at 13.6° and boils at 165° with partial dacoropositlon. 
Tha mathyl group of pyruvic acid i s activatad by the ad^acant 
carbonyl group and undargoaa a numbar of condansations. Ths 
fras acid vary alowly undargoaa a condansatlon with anothar 
nolacula of ths acid on long standing, by passing in gaaaous 
hydrochloric acid tha condansatlon takes place rapidly, the 
product being o<-keto»^ •valero-^'-carboxyllc acid. 
Pyxuvic acid and i t s aldehyde, methyl glyoxal are of 
extreaie biological ia^ortanca because they form the nucleus 
of the Interconversians of the proteins (aminoacids), carbo* 
hydittas and fats. In fermentation process pyruvic acid is an 
intaswadiata in iiha fomation of ethyl alcohol and of lactic 
acid. Decarboxylation raactloni of pyruvate are of central 
inportanea in matabolia process. These reactian take place 
both in presence and in absence of oxygen. Early studiaa 
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x«v««l«<i « b«wlld«ring multiplicity of rt*ctlon typt« md 
products. In abtoneo of oxygtn* pyruvic acid, with tht aid 
of tnsyMtt tt«y produco (1) lact ie acid, acetic acid and 
carbondloxldt} (11) fomdc acid, acttlc acid and carbondloxldt; 
(111) forrale acid, acatylphoaphata and carbondloxldo; (Iv) 
acetic acid, earbon*dloxld«, and hydrogan: and (v) dlacetyl 
and acetylmathyl earblnol. 
Most of biological transfomatlons of pyruvate can bo 
parfoz^ed In abstnea of oxygon, soma of thaso anaerobic 
reactions being al lele carboxylatlons and decarboxylations* 
Pyruvate undergoes a variety of oxidative decarboxylation 
reactions to yield acetate or sore usually, an ester of acetic 
acid; In the Kreb*s tricarboxylic acid cycle , for Inatance 
pyruvate reacts with sulfhydryl group of coenzyme A (CoASH) 
to form acetyl coenzyne A(Co AS COCH J , releasing carboralloxide. 
The reaction isay be regarded as an oxidative decarboxylation 
ofi pyruvate} the two electrons renoved In the process may be 
af«epted by one of the phosphopyrldlne nucleotides (DPN or TPN) 
or other aee^tors including carbondloxlde Itsel f which may be 
reduced te formate ion. Stuapf^^ In 1947, Isolated a fraction 
fremi a ^Miltlenzyiie «o»plex* which oxidized pyruvate to acetate 
and carbondloxlde In presence of oxidising agents of rather 
high oxidation potential, such as ferrlcyanlde and 2,6-dlchlero* 
phenol indophenol* 
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CHAPTER 2 
RATE oIUDlES ON THE DisCARBOXYLATlON OF o<.p^C0LI^aC 
ACXO IN ORGANIC SOLVENTS. 
Z") 
2.1 PRELIMINARY REMARKS 
Th» th«r«al dtcarboxylation in«chanlt« of o<-plcollnlc 
acid involves th« r««ctlv« tptclet tith^r th« z«idtt«rlon (I) 
or th« chtlattd moltcult ( I I ) . 
. ^ ^ 
=: O 
O-t) 
Cantw«ll and Brown In th«lr ttudltt on th« d«c«rboxyl«tlon 
of o<-picolinic acid in p-dimathoxybanzano^ and in aavaral 
polar tolvtnta^ (acid, bat« and nautral madia) propoaad a 
unifnolacuXar tnachanitn but fallad to dacida dafinitaly 
whathar tha rwittarion fo«i(I) or tha cyclic for»(H) i t tha 
pradominant in i t ia l raaetant. Sinca both can taka part in 
tha maehanian shown balaw; 
H + 
<LO&-' 
.O 
?c-> .^^/i5^> \r,-^- ^^ '^ 
+ COx 
0 
Both Xh^ Initial r«ict«iit*(l) *nd (11) tnhanc* th« poi i t ivt 
pottfitial on tht ring nltrogtn and daertatt altetron dantlty 
on ^«caxbon atom which would faell ltata hetaxolyalt of the 
carbon to carboxyl bond. Howavtr, subsequent work of Clark 
In several additional polar solvents revealed a blfflolecular 
mechanism for the decarboxylation of o<.plcollnlc add. The 
results further Indicated that perhaps I t Is not necessary 
to postulate zwltterlon as an Intermediate In the decarboxy-
lation reaction. 
In order to be able to stabllsh the correct mechanism 
of the reaction beyond dispute and the solvent effect based 
on the calculated thermodynamic paraieeters. It was realised 
that more kinetic data were needed. With this In view, 
further kinetic studies were carried out on the decarboxylation 
of (X.pieollnlc add In nine additional solvents under Inert 
nitrogen atmosphere. The results of this Investigation are 
reported herein. 
2.2 MATERIALS EMPLOYED 
cK.plcollnle add (Koch Light Laboratories, England) 
was used after reerystalligation from acetone and drying In 
vacuum. The purity of the acid (melting point 136^} was 
demonstrated by the fact that the volume of carbendloxlde 
evolved from evevy quantitative saaq»le In the decarboxylation 
experiment waa invariably stoichiometric. 
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AnalytU«I gzad* B.O.H.« England* solvtnt* anilin* 
(b.p.i84*'), ©•toluldint (b.p.l98**), n-toluldin* (b.p.l99®) 
•nd Sltco Cht»lc«l», io«b»y» o-erMoKb.p, 19i®) and iB-cx«tol 
(b^p.aoa**) w«r« d i i t i l l ed at atraotphtrlc pr«S8ur« iiBa«diat«ly 
b«for« uit. All th«t« tolv«nt» w»ir« eolourless liquids at 
xoora t«Biptr«tyr«. 0«Chlojro«nilin# (b»p.207°) and »-chloxo-
anilln* (b.p.230®) of Koch Ught Uboratoritt, England wart 
ditt i l lad Isiiaadiattly bafora uaa undar raduced pxaatura. 
AnalaH grada B.D.H. dlphanylandna (B).p.54^) and 
p*teluidina (n. p.44'') wxit vacuum dl t t i l l ed and th« colourlaas 
dis t i l latas wf allowad to aolldify slowly at room tampa-
ratura. Tha purity of tha solid solvents ware checked by 
naasuxing their xespeciiva malting points. 
Analytiesl gxada o*nitroanilina of Eiadel, Qarmany was 
taken and dissolved in hot doubly dist i l led water and 
crystallised on leaving the hot aqueous solution undisturbed 
for twentyfour hours at reoiit teeiperature. the crystals thus 
obtained were dried at about 50^ for twenty hours and melting 
point observed was 71.S^. 
2 .3 APPARAtus mm 
The apparatus used i s shown in f ig .2 .1 . I t essentially 
consists of (a) a round botton 200 nl. reaction veasel fitted 
with a therreoRetSir, condensfr» a mivabla probe with a glass 
spoon at the inns? end thorough a aiereury seal and an inlet 
o 
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30 to 40 minut«t to tntur* eompltt* thcmal •quilibrlun. 
Tht Itvtl of tho liquid of tho outor jaektt and tht burottt 
wot •qulllzod by xonoving tho liquid of tho jockot by tho 
uto of tho terow clip. Tho roadlng of tho burotto wot thon 
notod at loro roading, VQ* Tho roactlon wat ttartod by 
tipping tho cup containing picolinie acid into tho tolvont 
and tho conttant ttirring mmt maintainod by tho uto of tho 
magnotic ttlxxor. Tho ovolvod carbondioxido wot coolod 
through tho condontor and tho glatt tpiral placod in tho 
Victor bath at roon tomporaturo and wat then colloctod in tho 
moatuzing burotto, Tho voluno of ctrbondloxldo wat notod at 
zogular intorvalt of tino by oquiliting tho lovolt of tho 
ontzalning liquid in the burotto and the water Jacket. The 
atmotpheric protturo for each run wat noted in a FortolnU 
baroRotor and utod to convert tho voluno of tho carbondioxido 
obtained to that at S.T.P. 
Sxporinontt wore repeated two or throe tinot at 
diffoxtnt repotted tenporaturet for different tolvontt* The 
analytit of tho xotultt wore carried out by plotting voluaio 
of cotbondioxido ovolvod againtt tiaie in mlnittot. Tho final 
reading in tho «o«turlng buiotto on tho conplotion of tho 
reaction! aftor oonvortliif it into S. T.P. valuo« wat taken 
at Voo , tho voluaio at infinite tine (Vo^  • V^) thut gave 
3'^ 
for tht pAttagt of dry nltrogtn g«t, dlppod In a constant 
ttnparaturt oil bath flttad with a nagnatic stirrar, (b) a 
glass spiral immarsad in a watar bath to maintain tha 
tanparatura of tha gas coning out of tha raaction vassal 
through tha eondansar at soon tanparatura and Ic) a calibratad 
buratta virtically hold with tha halp of a rubbar cork in a 
watar jacket of length 80 cat and diamatar 4. & cm. containing 
tha entraining liquid (2091$ by weight* aqueous aolution of 
aodium sulphatai H^ by volume, sulphuric acid plus a few 
drops of methyl orange). The lower portion of the water 
Jacket ia of a nozzle ahapa screw clip* 
2.4 STUDY OF THE PROGRESS OF IH£ RBACTION 
The technique adopted to study the reaction rate was 
easentially to meaaure the volume of carbondioxide evolved 
during the decarboxylation precast. Thoroughly dried 
reaction vaaael containing about 60 gm of the aolvant and 
the movable probe holding a small glass cup containing about 
0.221.2 gm of picolinic acid (corresponding to exactly 40 ml 
of caxbondioxide at 3.T.P* on complete decarboxylation; was 
immersed in the oil bath fitted with a magnetic atirrer. A 
strsMi of dry nitrogen was then bubbled through the solvent 
for several minutat to anaura saturation. Tha aolvant was 
than heated to tha desired tawpatttuira and Allowed to atand 
3 4 
concentration at x«ro time «nd (V^- V^ ) concentritlon t t any 
tlaia t» whara V^  la the voluna at S.T.P. of carbondloxida at 
time t. The voluna, Vj^ , of the gaa evolved and collected at 
rooffi tenperatuxe, T ,^ and atmoapherlc preasure P ,^ waa converted 
in the voluae at S.T.P., Vg, by the uaual atandard relation 
k ^ - 2,2.,,, . . . . . . (2.1) 
where Pj ^  760 mm of laercury and Tj • 273°K. The value* of 
the first order reaction rate conatanta in all caaea were 
calculated using the relation 
^^1 • ^ *f^ leg (v^ [ / y (2.2) 
00 t 
and expreaaed in terma of Bin* or SecT 
2.5 RESULTS 
The decarboxylation of cK.picolinic acid waa atudied in 
nine organic solventa naaely, aniline, o-toluidine, •-> 
toluidine, p»toluidine, o-chloroaniline, »» chloroaniline, 
o*creaol, fa-creaol; and diphenylanine in the teeiperature 
range X60»183^ at three different teaiperaturea. The 
experincinta were repeated two to three tiaea and the 
apparent firat order rate conatanta were calculated fro* the 
3,1 
r«l«tion 
V • V 
JEB 
' -
k . 2iJBa leg ^ » ' yt (2.2) 
MB % 
Th« avtrag* v«lu«s of apparent f irst ord«r, r«t« 
eonttantt w*r« alto obtalnad from th« alopct of tha axpari* 
mantal logarth^lc plota, log (V • V^ ) Va tima* t . In mlnutat. 
At tha baglning of aach axparlnant 60 gm of the aolvant was 
aaturatad with dry nitrogen gat and placed in the reaction 
flaalc in the thermoatat o i l bath. Sa ;^>lea of the o<*picolinic 
acid weighing 0»2212 gm were added to the aolvent and the 
evolved gas was neaaured at described above. The experiments 
were reported at three different te«peraturet» every tanplt 
invariably yielded the ttoichionetric voluaie of earbondioxide 
allowing for the experimental error of 0.*^ • For example in 
case of a solvent aniline the final observed volume at S.T.P. 
produced by 0.22X2 gm of the acid sample at 160.2^ waa 39.7 ml; 
at 168.2*', 39.9 ml and at X78.2®. 40.0 ml corretponding to 
the theoretically calculated volume V^ of 40 ml. The reparodu* 
c lb i l i ty in all thete experimentt wat excellent. Therefore V^ 
wat taken as the theoretically calculated value from the amount 
of the acid in i t ia l ly taken to start the reaction. 
Experimental data at three different temperatures for 
each solvent ttudiad are glv#ii in Table(2.1-2.27) along with 
the experimental l^garthmle plota shown in fig.Q^.2-2.10). 
^ / ; 
TABLE 2.1 
Wtlght of plcollnle acid » 0.2212 gm. 
Weight of •olv«nt(«nlllnt) « 60*0 gn. 
T«iiptx«tur« of r««ctlon v*»t«l « 160.2**C 
Tint In 
mlnuttt 
0 
20 
30 
40 
50 
60 
70 
90 
100 
110 
lao 
140 
160 
ct 
T«Rp«raturt At which 
Atmospheric pr«itur« 
Volun* of CO^  
•voIv«di 
«1 
0.0 
8.5 
11.5 
14.0 
16.2 
18.0 
20.5 
25.0 
26.8 
28.2 
3D.0 
33. 3 
34.6 
45.0 
gat coll«ct«d • 29.0**C 
« 742*0 mm. 
VoluBt of CO^  
at S.T.P. ^ 
ml. 
0.0 
7.5 
10.1 
12.3 
14.3 
15.9 
18.1 
22.1 
23.6 
24.9 
26.5 
29.4 
30.5 
39.7 
Apparent First 
Ordsr xatf constai 
k.xlO^ 
mln*''" 
. 
10.39 
9.70 
9.19 
8.85 
8.45 
8.61 
8.94 
8.92 
8.86 
9,05 
9.50 
8.99 
<m 
• 3 J. A AA'» » . « - * l Avsrags kj^(«xeliiding fi»st two valiats « 8.94x10** i 0.002 min 
3?-
TABLE 2«2 
Wtight of p leol ln le acid » 0.2212 gn. 
Wtight of solvent (anllin*) •60.0 gm, 
Ttn|>«c«tuxt of x«4ction vMs«l«i6d. 2^ C 
T«iap«ratur* at which gat collaetad » 30.3^0 
Atftospharle pratauza » 742.2 mm. 
Tina In Voluma of C0» Voluna of C0» Apparent Flxat Ozdar 
eilnutaa avolvad ^ at S.T.P. * rata conatant 
0 
10 
15 
19 
24 
30 
34 
45 
50 
55 
iO 
TO 
90 
ao 
0.0 
7.0 
9.3 
12.1 
14.8 
17,5 
19,5 
23.7 
25.8 
27.7 
28.7 
32.0 
34.2 
45.2 
ml lal k|^xl03 ^. 
ntln 
0.0 
6 .2 16,86 
8.8 16.57 
10.6 16.20 
13.0 16.38 
15.4 16,21 
17.1 16.42 
20.8 16.31 
22.7 16,77 
24.3 17.00 
25.2 16.58 
28.1 17.33 
30.1 17,41 
39.9 
* 3 ^ rt ft«« _« - 1 Avaraga k|^(oxeludln9 laat %¥» valuaa) • 16.53 x 10*^ t^ 0.002 mln 
d5 
TABLE 2 .3 
W*l9ht of p lco l in lc acid » 0.2212 9m. 
Wtlght of •olv«nt(«nllin«) * 60.0 gn« 
T«Kp«x«tur« of rtaction v o s t l » 178* 2°C 
T«ip«raturt at iwhlch gat co l l e c t « 28.5^0 
Atmoaphazic pzaaaura •i743.7 urn* 
Tlaa in 
nlnutaa 
Voluna of CO2 
avolvad 
nl 
Volume of CO^  
at S.T.P. ^ 
ral 
Apparent Firat On 
rate conatant 
^ ml 
0 
3 
5 
7 
10 
13 
15 
18 
21 
24 
26 
28 
00 
0.0 
0 . w 
8.5 
11.5 
15.6 
18.7 
20.9 
24.0 
26.1 
28.8 
30.2 
31.5 
45.1 
0.0 
4 .7 
7.5 
10.2 
13.8 
16.6 
IB. 5 
21.3 
23.1 
25.5 
26.7 
27.9 
40.0 
41.69 
41.52 
42.08 
42.34 
41.27 
41.41 
42.26 
41.04 
42.30 
42.36 
42.72 
Average kj|^  • 41.90 x 10*^ ^ 0.004 aiin*^ 
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TABLE 2.4 
tftight of picolinlc aeld « 0.22X2 gm* 
Wtlght of tolvtritda-toluldin*) « 60.0 gm. 
T«B^«ratur« of reaction VMttl «i60,2°C 
Twiperatur* at whleh gas col lac tad « 26.5^C 
Atiiioaphaxic prasaura « 746.6 tm. 
Tima Ifi 
mlnutaa 
0 
10 
20 
30 
40 
50 
60 
75 
90 
X05 
120 
A$5 
ISO 
CMI 
Voluma of C0» 
avoivad 
ml. 
0.0 
3.0 
5.8 
9 .3 
10.9 
13.5 
16.8 
19,7 
21.7 
25.3 
27.1 
30.9 
32.9 
45.7 
Volima of CO^  
at S.T.P. ^ 
Ml. 
0.0 
2.7 
5,2 
8.3 
9.7 
12.1 
15.0 
17.6 
19.4 
22.7 
24.3 
27.7 
29.5 
40.0 
/^dparant Firs t 
Ordar rata constan 
k.xlO^ 
^ inln-^ 
m 
7.00 
6.97 
7.75 
6.95 
7.21 
7.83 
7.73 
7.37 
7.97 
7.79 
8.74 
8.92 
i * * 
• 3 . f\ <M^n —,t —""1 Avaraga ICj^ Caxcliidlng last im val\ias) • 7.46 x 10*"* ± 0.002 min" 
TABLE 2.9 
W«lght of p ieo l ln ic acid « 0.22X2 gsi. 
W«lght of toIvtritdB^toluldin*) « 60.0 gn. 
T«iptratuxt of rtaction vastel «i68.2^C 
T«siptr«tux« «t which gat co l lee t td « 30.0®C 
AtiBotpharic prtstur* •> 746.5 nau 
,0/ 
Tlrae in 
minutft 
0 
10 
20 
30 
40 
50 
60 
70 
90 
CO 
VolUHRt o f COj 
•volvad 
»1 
0.0 
6.2 
l i . 4 
17.1 
21,0 
24.8 
27,7 
31.0 
35.2 
45.1 
Voluma of COo Apparent Flrat Ordar 
at S.T.P. ^ rata conatant 
»1. k.xlO^ , 
^ nln-A 
0.0 
5.5 14.81 
10.1 14.55 
15.1 15.81 
18.6 15.64 
22.0 15.97 
24,5 15.81 
27.5 16.63 
31.2 16,83 
39.9 
Avavaga k^iaxoluding l a i t tm valuaa) « 15.37x10"^^ • 0.005 mln*^ 
/. 1 
TABLE 2.6 
W«lght of p leo l inU acid - 0.2212 g». 
Wtlght of tolv«nt(n»toluldln«) «60.0 gn. 
TM)ptratur« of rMctlon v«tt«l «175.0^C. 
TM8ptr«tur« at which gat eollactad « 29.7^C 
Atmoaphfrle pratauxt » 743.3 wn. 
Tina in Voluna of CO^  Voiuma of CO^  Apparant f i r s t oxdar 
103 
mln" 
minutat avolvad atS. T.P, ^ rata constant 
Ml «il k,xl03 , 
f) 0 .0 0 .0 
8 9.5 8.4 29.47 
12 13.5 11.9 29.44 
16 18.2 16.0 31.94 
20 21.5 18.9 32.00 
25 25.4 22.4 32.85 
28 27.3 24.1 32.96 
31 28.8 25.4 32.52 
34 30.6 27.0 33.07 
37 32,4 28.6 33.94 
40 33.7 29.7 33.92 
50 37.0 32.6 33.75 
<x> 45.3 40.0 <•> 
Avaraga k^(axcluding f i r s t tto valuai) « 32.99xl0*^jt 0.005 «in*^ 
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TABtE 2.7 
Wtight of plcolinlc aeld * 0.2212 gis. 
Wtlght of tolvtnt (p-toluidln«) * 60.0 gn« 
TtMptsaturt of «t«etlon vttstl « 160.2^0 
T«flii»«x«tur« «t which gat coll«ct«d » 2i.2^C 
Atmosphtsle prMtux* « 746. & a*. 
Tlmt lit 
minutts 
0 
20 
30 
40 
50 
60 
70 
80 
90 
100 
i20 
i&O 
l^^ 
M 
VoluiBt of C0„ 
•volvtd 
Q1. 
0.0 
6.4 
9. i 
U . 2 
13.8 
15.8 
17.3 
19.3 
20.8 
22.7 
25.0 
29.7 
33.7 
44.0 
Volurao of C0« 
at S.T.P. ^ 
0.0 
5.8 
8 .3 
10.2 
12.6 
14.4 
15.8 
17.6 
18.9 
20.7 
22.8 
27.1 
30.7 
40.0 
Apparent f i r s t ordar 
rata constant 
• 
7.84 
7.75 
7.37 
7.57 
7.44 
7.18 
7.25 
7.11 
7.29 
7.04 
7.55 
7.48 
m 
Avayaga k^ » 7,40 x 10** x 0.002 win* 
•a 
TABLE 2.8 
Wtlght of picol inie acid « 0.2212 gm. 
W«l9ht of tolvofit (p-toluidino) • 6 0 . 0 gn. 
Ttwporituro of st«ctlon v«i t« l • 168.0®C 
T«inp«r«turo «t «»hlch 9«t coUte t td - 18.5''c 
Ataosphtslc pr«ttur« « 747.0 mm* 
Tl«« in Volimt of C0« Volunt of C0« Apparent Flrat Ordor 
mlnuttt tvolvtd ^ at S.T.P. ^ rata conatant. 
00 
uaia O^
Ivtd 
0.0 
5.1 
7.4 
10.0 
12.6 
14.5 
16.6 
18.7 
20.0 
20.9 
22.0 
23.4 
29.6 
34.0 
43.6 
a
at S.T.P. 2 
»1. 
0.0 
4 .7 
6 .8 
9.2 
11.6 
13.3 
15.3 
17.2 
18.4 
19.2 
20,2 
21.5 
27.3 
31.3 
40.0 
k, X 10 1 
3 
Bin--*-
0 
10 .  12.50 
15 .  .  12.44 
20 .  .  13.07 
25 .  11.6 13.71 
30 .  .  13.48 
35 .  .  13.77 
40 . .  .  14.06 
45 .  .  13.70 
50 13.08 
55 12.78 
60 12.85 
14.34 
110 13.88 
• 3 o. f\ t\nA m^t^mT* Avaragt k^ (oxQludlng flrat two valuaa) • 13.52 x 10*'' *^  0.004 nln 
'i i 
TABLE 2.9 
Weight of plcellnle acid « 0,22X2 gn. 
Wtight of tolvtnt (p-toluldln«) « 60.0 gn. 
Ttii9>orituro of rtaetlon v«s««l » 178.^0. 
T«iip«r«tur* at nvhlch gat colltctad « 2X* i^C. 
Tint in 
ninuttt 
0 
5 
11 
15 
20 
22 
24 
26 
26 
30 
35 
00 
Atnotphtric prttturt 
Volunt of COj 
tvolvtd 
IBX. 
0.0 
8.8 
16.4 
21.1 
24.9 
26.3 
28.3 
29.5 
30.7 
31.9 
34.3 
43.7 
m 7 4 6 . 9 RUR. 
Volumt of C0» 
a tS .T .P . ^ 
nl . 
0.0 
8.0 
14.9 
19.2 
22.7 
24.4 
25.8 
26.9 
28.0 
29.1 
31.3 
39.9 
Appartnt f i x t t ordtr 
ratt conttant 
k,xl03 , 
^ Hiin--^ 
«• 
44.68 
42.37 
43.60 
41.93 
42.82 
43.16 
42.93 
42.80 
43.35 
43.40 
«w 
Avtvagt k^ (txclu^ing th t fiaptt vilut) • 42.93 x 1 0 * \ 0.003 mirT^ 
/ • 
/ *^ 
0/ /c 
/ ^ 
/ ^ 
/ ^ 
m II 
/ /^ 
y #^ 
# / ^ T / '' 
-
-
-
-
-
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0 
CN 
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00 
^ 
0 
CD 
f — 
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•v j 
T ~ 
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TABLE 2.10 
Weight of plcol lnlc «cld » 0*2212 g». 
Wtlght of to lvtnt (o*Toluldin«) « 60.0 gm. 
T«fi^«r«tur« of rtactlon v*t«tl • 160,2^C 
Tcaptratur* at Mhich gas collact*d » 27*7^C 
A^Botpharlc prattura « 748*0 
Tina in 
ninutaa 
0 
30 
60 
90 
105 
120 
135 
150 
165 
210 
240 
270 
00 
, 
Voluma of CX>. 
avolvad ' 
nl* 
0,0 
7,6 
14.5 
21.0 
24.2 
26.6 
28.8 
30.1 
32.0 
35.0 
38.6 
40*5 
44.8 
Voluna of COk Appaxant f ixat o3tdar 
at S.T.P, rata constant^ 
k, X lOf mi. 
0.0 
6.8 
13.0 
18.8 
21.6 
23.8 
25.7 
26.9 
28.6 
31.3 
34.5 
36.2 
40.0 
6.22 
6.55 
7.06 
7.40 
7.54 
7.62 
7.44 
7.61 
7.27 
8.27 
8.72 
- ^ 
Avaraga k^ (axaluding U a t two valuaa) • 7.19x10'^ ± 0.004 «ifi*^ 
k(\ 
TABLE 2.11 
Weight of pleollnle «eld » 0.2212 gn. 
Wtlght of tolvont (o-Toluldlno) » 60.0 gn. 
TMipor«tuxt of ^taction vottol « 168.2^C 
T«aipox«tur« at which gat colltcttd « 27«&®C 
AtMotphtric pzttturo » 747.5 MI. 
Tin* in 
ninutM 
0 
10 
20 
30 
40 
50 
60 
70 
80 
^ 
100 
110 
m 
Volumo of COo 
•volvod 
nl 
0.0 
5.5 
10.7 
14.4 
18.0 
22.0 
24.8 
27.8 
29.9 
31.9 
31.0 
87,$ 
^ ^ » i 
Volimo of C0» 
at S.T.P. ^ 
0.0 
4.9 
9.5 
12.9 
16.1 
19.7 
22.2 
24.8 
26.7 
28.5 
29.5 
33.3 
40.0 
Apparent P i n t Ordtr 
rata constant^ 
k.x lOf 
«» 
13.08 
13.56 
12.98 
12.68 
13.57 
13.50 
13.82 
13.77 
13.86 
13.38 
13.75 
-
Avaxa^t ICj^  • 18.47 x 10*^ t 0.002 niii*^ 
1 7 
TABLE 2.12 
W«lght of picollnlc acid » 0.2212 g». 
Weight of tolvtntCo-Toluldlnt) - 6 0 . 0 g«. 
T««p«ratur« of r««ctlon v«t»«l - 178.2**C. 
T«np«7«tur« «t which gat collactad « 26.9°C 
Atnosphaslc pr«t«ur« » 745.2 
Tlmt In 
nlnutat 
0 
5 
11 
17 
21 
24 
27 
30 
33 
36 
39 
42 
n 
6 i 
00 
VoluK* of CO^  
•volvod 
ml. 
0.0 
6,9 
14.5 
20.7 
23*6 
25.8 
28.1 
29.9 
31.4 
32.7 
34.2 
35.0 
38.0 
40.6 
44.9 
Voluma of C0» 
a t S . T . P . ^ 
0.0 
6.2 
12.9 
18.5 
21.1 
23.0 
25.1 
26.7 
28.0 
29,2 
«IF'« O 
31.2 
33.9 
36.2 
40.0 
Apparent Firs t Ordar 
rata conataot 
k,Kl03 
intn"i 
•* 
33.71 
35.41 
36.53 
35.72 
35.67 
36.58 
36.71 
36.50 
36.38 
36.87 
36.09 
36.17 
36.21 
«> 
Avorago k^  (axcludlng tha fixat valua) » 36.23x10*^4 0.003 Mln*^ 
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TABLE 2.13 
Wtlght of p leol ln ic acid • 0.22X2 gn. 
Weight of solvtnt(ai»crttol) "60.0 gn. 
Ttnptraturt of rtaction v M t t l » 170*0^0. 
Ttnptsatur* at which gat c o l l t c t t d » 31. l^ C 
Atmotphtzlc pxttturt • 755.2 BB* 
Tint In Voluwt of CO^  
nlnuttt tvolvtd 
M l . 
wit of CO^ 
.T.P. 2 
Ml. 
0.0 
3.2 
6.4 
8.4 
11.5 
13.2 
15*4 
20.5 
21.9 
23.8 
26.6 
29.9 
31.2 
40.0 
Appartnt Flrtt Ordtx 
rata conttant^ 
k, X 10"^  
^«ln-i 
«» 
8.36 
8.73 
7.86 
8.48 
8.01 
8.11 
8.98 
8.81 
9.04 
8.42 
8.61 
8.45 
<• 
0 0.0 
10 3.7 
20 7.4 
30 9.6 
40 13.2 
50 15.1 
60 17.7 
80 23.5 
90 25.1 
100 27.3 
130 30.5 
160 34.3 
180 35.9 
00 45.8 
Avt?agt k^ • 8.48 x 10*^ ^ 0.003 itln*^ 
4 ^ 
TABLE 2.X4 
Weight of p lco l in ic «cld • 0.2212 giu 
Wtlght of solvont (•fcxotol)"* 60.0 gn. 
TonptrAtuzo of roactlon vessel* 177.2^C 
Ttnporatuxo «t v<hlch gat col loct td « 30.5^0 
Atmotphoric protturt • 743.3 m . 
Tiiat in Volunt of CO^  Volymo of CO^  Apparont Firs t Ordor 
nlnutts •\n»lv«d a t S . T . P . rato oonatant 
• 1 . ml. k, X 10^ 
'^ iBln-i 
0 0.0 0,0 • 
10 6.1 5.4 14.51 
20 10.7 9.4 13.41 
30 16.2 14.3 14.75 
40 19.7 17.4 14.28 
50 23.1 20 .3 14.17 
60 25.5 22.5 13.78 
70 28.0 24.7 13.63 
80 30.4 27.0 14.06 
90 32.5 28.9 14.25 
100 34.4 30.6 14.53 
125 38.0 33.6 14.67 
CD 45.4 40.0 
Avorago kj^  • 14.18 x 10*^ ± 0.002 ailn*^ 
39 
TABLE 2.I& 
Weight of picol inle aeld » 0.2212 gn. 
Wtlght of tolvffnt (in«cx«soI) •60.0 gm. 
TtmpAxatuxc of xMction v«tt«l«X83.2^C 
Ttiqf>«x«tux« at which gat col l tctad •> 30.3^C 
Atnotphtxic pxatsuxa * 745*8 mm. 
Tirat In VoluiB* of COg Voltaaa of CO^  Appaxant Flxat Oxdax 
alnutftf avolvad at S.T.P. ^ xata conttan:| 
nil . IRX. kiXlO'^, 
0 0,0 0,0 
6 7.7 6.8 30,09 
12 14,2 12.6 31.34 
18 19,6 17.3 31,49 
24 24. & 21,6 32.37 
30 28.4 25,1 32.93 
40 32,0 28 .3 30.73 
45 34.0 30.0 30.82 
70 40.2 35.5 31.22 
00 45.5 40.0 
Avaxaga k^^ • 31.37 x 10*^ ^ 0.004 mln*^ 
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TABLE 2.16 
Weight of picol inle acid « 0.2212 gm. 
W«lght of to lvtnt(o-czt to l ) -60.0 gm. 
Ttiiip«T«tuxt of roactlon v ts to l » i70.0**C 
T«iRptr«tur« «t %tfhich gat eol l tctod » 32. l^ C 
Atfflotpharie pr«tsur« ^ 744.0 mn. 
•0 / 
TiiRO i n 
nlnutot 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
lOd 
l i e 
120 
m 
Volumo of CO2 
•volvod 
Btx. 
0.0 
4 .5 
9.9 
13.0 
16.0 
19.2 
21.8 
24.6 
27.7 
29.9 
31»8 
i 8 . t 
34.7 
4ft«8 
Voluno of CO. 
at S. T. P. ^ 
nl. 
0.0 
3,9 
8.7 
11.4 
14.0 
16.8 
19.1 
21.6 
24.3 
26.2 
27.9 
t 9 . 2 
30.4 
39.9 
Apparent First Ordtr 
rata constant. 
k.xl03 
min-A 
10.27 
12.27 
11.16 
10.76 
10,90 
10.82 
11.10 
11.71 
11.82 
11.96 
11.91 
11,90 
Avaiagt k^ • 11.38 X 10** l 0 ,88l iiin*^ 
:!•> 0 
TABLE 2.17 
Weight of picolifilc acid •* 0.2212 gm. 
Weight of tolvtnt (o~cr«sol) • 60.0 gn. 
T«nptratux« of reaction vatatl « 177.0®C 
Tanptratuxt at which gat collactad « 29.5^C 
Atnoapharle praiaura » 747,8 mfn. 
Tint In 
mlnutat 
0 
9 
15 
24 
30 
36 
45 
50 
55 
60 
00 
Voluma of CO^  
nl . 
0.0 
8.7 
12.7 
18.5 
20.8 
23.7 
29.0 
30.1 
32.2 
34.0 
45.2 
Vol 
at 
m a of CO2 
0« T« ir» 
IBI. 
0.0 
7.7 
11.3 
16.4 
18.5 
21.0 
25.7 
26.7 
28.6 
30.2 
40,00 
Apparant Flrat Ordar 
rata conatant ^ 
k| X 10^ 
^ialn*l 
m 
23.78 
22.14 -
22.00 
20.70 
20.68 
22.87 
22.03 
22.84 
23.44 
«• 
* 3 J. A f\f\m. —*—*"1 Avaragt k^  (axcludlng fourth 4 fifth valua) • 22.73x10*'* :* 0.005 min 
0 
TABLE 2.18 
height of p ico l in lc acid «> 0.2212 gm. 
Weight of solvent (o*cretol) <• 60.0 gm. 
Tenperature of reaction vessel" 183.2^0 
Temperature at which gas col lected » Sl.l'^C 
Atmospheric pressure » 743*6 mm. 
Time in Volume of C0„ Volume of CO^  Apparent First Order 
minutes evolved ^ at S, T.P. ^ rate constant 
ml. ml* k, X 103 
^ min-A 
0 0.0 0.0 
6 8.9 7.8 36.16 
8 11.6 10.2 36.82 
14 18.9 16.3 37.41 
20 24.0 21.1 37.50 
26 28.0 24.6 36.72 
30 30.5 26,8 36.96 
34 32.1 28.2 36.93 
40 35.0 30.7 36.48 
50 38.3 33.6 36.66 
00 45.6 40,0 
Average k^ « 36.85 x 10"^ j^ 0.002 min*^ 
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TABLE 2.19 
Weight of picoUnlc acid » 0.2212 gm. 
Wtlght of tolvent(m*chloroanllln«) » 60.0 gm. 
Tenperaturt of reaction vessel <• 160.4^0 
Temperature at vAtlch gas collected «> 30,5^C 
Atmospheric pressure « 741*9 mm. 
Time in 
minutes 
0 
30 
60 
90 
120 
150 
180 
210 
240 
270 
300 
00 
Volume of CO^  
evolved 
ml* 
0.0 
6.0 
11.3 
15.6 
19.6 
22. a 
25.7 
29.0 
31.0 
33.5 
35.1 
45.9 
Volume of CO^  
a t S . T . P . ^ 
ml. 
0.0 
5 .3 
9.9 
13.7 
17.2 
20.0 
22.6 
25.5 
27.2 
29.4 
30.8 
40.0 
/^parent First Order 
rate constant 
k, X 103 
^ min-l 
• 
4.74 
4.74 
4.66 
4.69 
4.62 
4.62 
4,72 
4.75 
4.92 
4.90 
Average k, » 4,74 x 10*^ jh 0.002 rain*^ 
on 
T/^U 2.20 
Weight of picollnlc add » 0.2212 gm. 
Weight of 8olv«nt(Bi*chloxoaniilin«) « 60.0 gin. 
Tei^ >«r«tur« of reaction vessel « 168.2^0 
Tea^eratuxe at i^ich gas collected « 30*^^0 
Atmospheric pressure *> 742.1 mm. 
Time in 
minutes 
0 
10 
20 
30 
40 
50 
70 
80 
90 
100 
110 
120 
CD 
Volume of CQ» 
evolved 
ml 
CO 
4 . 0 
8 .5 
13.0 
16.4 
19.9 
25.1 
27.4 
30.0 
31.8 
33.6 
35.0 
45.5 
Volume of COo 
at S.T.P. ^ 
ml. 
0 .0 
3 .5 
7 . 5 
11.4 
14.4 
17.5 
22.1 
24 .1 
26.4 
27.9 
29.5 
30.7 
40.0 
Apparent First Order 
rate constant 
im 
9.17 
10.39 
11.16 
11.16 
11.56 
11.49 
11.53 
11.99 
11.96 
12.16 
12.16 
<•> 
Average kj^  (excluding f irst two values) • 11.66x10"^ jt 0,003 min"^ 
TABLE 2.21 
oO 
Wttlght of picollnie a d d » 0.2212 gra. 
Weight of solvent(in-chloxoanlllne) » 60.0 gm. 
T«iBp«ratur« of reaction veeeel • 178.2^0 
Temperatuxe at which gat collected 
Atmospheric pressure » 742.6 tm* 
31.2®C 
Time In 
minutes 
0 
10 
14 
18 
22 
26 
30 
35 
40 
45 
50 
60 
65 
00 
Volume of COj 
evolved 
ml. 
0.0 
9.7 
13.5 
16.6 
20.0 
22.4 
24.8 
27.4 
29.7 
31.7 
33.6 
35.7 
37.4 
46.0 
Volume of C0« 
at S.T.P. 2 
ml. 
0.0 
8.5 
11.8 
14.6 
17.5 
19.6 
21.7 
24.0 
26,0 
27.8 
29.5 
31.3 
32.8 
40.0 
Apparent First Order 
rate constant 
k, X 103 
•'' mln-1 
«. 
23.91 
25.00 
25.24 
26.16 
25.90 
26.07 
26.17 
26.83 
26.39 
26.75 
25.43 
26.39 
«e 
Average kj^  (excluding the first value) • 26.03xl0*^jt 0.004 min"^ 
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TABLE 2,22 
^f«l9ht of plcolinlc acid » 0.22X2 gro* 
Wftight of solvent(o»chlozo«nllln«) » 60.0 gro. 
Tempvraturt of r«actlon vessel « 160.2**C 
Tes^eratuxe at which gas collected » 32.5^C 
Time in 
minutes 
0 
30 
60 
90 
120 
150 
180 
210 
00 
Atmospheric pressure 
Volume of CO^  
evolved 
ml. 
0.0 
6.6 
13.3 
19.0 
24.0 
28.7 
32.2 
35.5 
45,3 
r » 739. 
Volume of CO^  
a t S . T . P . 2 
ml. 
0.0 
5.7 
11.6 
16«5 
20.9 
25,0 
28.0 
30.9 
39.4 
8 nan. 
Apparent First Order 
rate constant 
k, X 103 
^min-1 
' 
• • 
5.16 
5.71 
5.91 
6.16 
6.54 
6.64 
7.05 
'•» 
Average k, « 6.17 x 10'^ x 0*005 rain"^ 
:^') 
TABLE 2.23 
Weight of picollnlc acid <• 0.2212 gm. 
Wtlght of solvent (o-chloroanlllne) « 60.0 gm. 
TMiperatur* of reaction vessel « X68.4^C 
Temperature at «^ich gas collected » 32.3^C 
Atmospheric pressure » 741.2 mm. 
Time in 
minutes 
0 
10 
20 
30 
40 
50 
60 
70 
80 
90 
100 
00 
Volume of CO^  
evolved 
ml. 
0.0 
4 .7 
9.9 
14.2 
18.6 
22.3 
25.5 
28.4 
31.0 
3 3 . 8 
35.5 
45.0 
Volume of C0« 
at S.T.P. 2 
ml. 
0.0 
4 .1 
8.6 
12.4 
16.2 
19.4 
<C4ft. A 
24.8 
27.0 
29,5 
31.0 
39.2 
Apparent Firet Order 
rate constant 
k, X 103 
^ min'A 
4 » 
10.82 
X2. X3 
12.38 
12.98 
13.27 
13.50 
13.82 
14.06 
14.87 
14.92 
mt 
Average k|(excluding the f irst and last two values) 
• 13.16 X 10*^ 1 0.004 min*^ 
ofl 
TABLE 2.24 
Weight of plcolinic acid » 0.22X2 gm. 
Wtight of tolventCo-chloxoaniUns) « 60.0 gm. 
Teffip0ratur« of reaction vestol « 178.2*^0 
Tenperature at which gas collectad « 32.9^C 
Atmospheric pressure » 742.6 inn. 
Time in 
minutes 
0 
6 
X2 
X8 
24 
30 
36 
4d 
0 0 
Volume of CO* 
evolved ^ 
ml. 
0.0 
6.8 
13.3 
X9.0 
23,4 
27.7 
3X.4 
34.9 
45.8 
Volume of CO^  
at 3.T.P. 2 
ml. 
0.0 
6.0 
12. X 
X6.6 
20.4 
24.2 
27.4 
30. S 
40.0 
/^parent First Order 
rate constant ^ 
k. X X03 
'*' min-X 
(•» 
27. XO 
30.03 
29.7X 
29.73 
30.96 
32.09 
3X.96 
<* 
S'S J. rt f\t\ t _ i « " " X Average kj^ ( excluding f irs t value) » 30.75 x XO** ± O.OOX min 
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Weight of picoXinlc acid • 0.2212 gm. 
Weight of solvent (dlphenylamine) • 60.0 gm. 
Temperature of reaction vet eel • l60.o'''c 
Temperature at which gas collected 23.2^C 
AtiKiepherlc preasure « 749.8 mm. 
Time in 
minutes 
0 
20 
30 
40 
50 
60 
75 
105 
120 
135 
150 
180 
200 
250 
0 0 
Volume of COg 
evolved 
ml. 
0 . 0 
4.5 
7 .2 
8 .6 
11.0 
12.8 
15.4 
20.0 
22.0 
23.2 
26.8 
29.0 
30.5 
34.0 
43.8 
Volume of C02 
at b.T.P. 
ml* 
0 . 0 
4 . 1 
6 .5 
7 .8 
10.0 
11.6 
14.0 
18.2 
20,0 
21.1 
24.4 
26.4 
27.7 
30,9 
40.0 
/^parent Firs t Order 
rate constant-
k, X 10-3 
^ min-A 
a> 
5.41 
5.92 
5.42 
5.76 
5.71 
5.74 
5.81 
5.78 
5.56 
6.00 
5.99 
5.90 
5.71 
-
Average k. « 5.75 x 10*^ ± 0,002 rain"^ 
6 1 
TABLE 2.26 
Wtlght of plcolinlc acid « 0.2212 gm* 
Weight of solvent (dlphenylamlne) *» 60.0 gm. 
Tcraperature of reaction vessel » 168.0^0 
Temperature at w^lch gas collected* 22.&^C 
Atmospheric pressure 
Time In 
minutes 
0 
10 
20 
30 
40 
50 
60 
70 
80 
100 
120 
140 
00 
Volume of COj 
evolved 
ml. 
0 .0 
5 .0 
8 .7 
12.7 
16.2 
20 .0 
2 2 . 5 
25 .6 
28 .0 
31 .2 
33 .5 
35.0 
4 3 . 9 
8 748.7 mm. 
Volume of CO^  
a t S.T.P. 2 
ml. 
0 .0 
4 . 6 
7 .9 
11.6 
14.7 
18 .2 
2 0 . 5 
2 3 . 3 
2 5 . 5 
2 8 . 4 
3 0 . 1 
31.9 
39.9 
Apparent F i r s t Order 
ra te constant . 
k.x 10-^  
Aln- l 
^ 
JLi&. A<9 
11.11 
11.42 
11.46 
12.14 
11.98 
12.48 
12.69 
12.38 
11.64 
12.51 
«• 
Average k^ • 12,00 x lO*^ ± 0.005 mln"^ 
b5-
TABLE 2.27 
Weight of picolinlc acid • 0.2212 gm. 
Weight of solvent! diphenylarninc) » 60.0 gm. 
Temperature of reaction vessel *> 178.2^C 
T«sperature at m i^ch gas collected « 22.3^C 
Atmospheric pressure « 748.8 mm. 
Time in 
minutes 
0 
6 
14 
16 
18 
20 
22 
24 
26 
30 
3d 
40 
60 
Volume of CX)^ 
evolved 
ml. 
0 .0 
7 .1 
14.9 
16.9 
18.4 
19.9 
21 .6 
22 .9 
2 4 . 1 
27 .0 
29 .6 
32.9 
37.0 
Volume of CX)« 
a t S.T.P. ^ 
ml. 
0 .0 
6 ,5 
13.6 
15.4 
16.7 
18 .1 
19.7 
2 0 . 8 
22 .0 
2 4 . 6 
27 .0 
30.0 
33.7 
Apparent F i r s t Order 
rate constant 
k.x 10^ 
-^ min-A 
^ 
29.80 
29 .68 
30.40 
2 9 . 9 8 
30.10 
30.84 
30. S9 
30.72 
31 .83 
31.12 
2 8 . 9 1 
30 .81 
Average k. • 30.45 x 10*^ ± 0.005 min" 
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TABLE 2.28 
^parent First Oxd«r Hate Constantsfor the Decarboxylation 
of Pleollnic acid in various ir'olax solvents. 
i^olvent 
Aniline 
in-Toluidine 
p*Toluidine 
0-Toluldine 
m-Cresol 
0-Cresol 
n»Chloroanillne 
0<<;hloroanillne 
Diphenylamine 
Temperature 
^C 
160.2 
168.2 
178,2 
160.2 
168.2 
175.0 
160,2 
168.0 
178.2 
160.2 
168.2 
178.2 
170.0 
177.2 
183.2 
170.0 
177.0 
183.2 
160.4 
168.2 
178.2 
160.2 
168.4 
178.2 
160.2 
168.0 
178.2 
k^x 10^ 
min'^ 
8,^4 
16. d3 
41.90 
7.46 
IS. 37 
32.99 
7.40 
13.52 
42.93 
7.19 
13.47 
36.23 
8.48 
14.18 
31.37 
11.38 
22.73 
36.85 
4.74 
11.66 
'>6.03 
6.17 
13.16 
30.75 
5.75 
12.00 
30.45 
Average 
deviation 
1 0.002 
t 0.002 
• 0.004 
± 0.002 
jt 0.005 
± 0.005 
t 0.002 
± 0.004 
JK 0.003 
• 0.004 
t 0.002 
1. 0.003 
X 0.003 
• 0.002 
± 0.004 
± 0,005 
± 0.005 
± 0.002 
± 0.002 
± 0.003 
± 0.004 
i, 0.005 
• 0.004 
i 0.001 
i. 0.002 
± 0.005 
± 0.005 
fa' 
A perusal of the above Tablet (2«X*2*27} shows that, 
in all tha tan solvents used* the dscarboxylation raactlon 
of plcollnle acid is of pseudo first ozder throughout 
practleally entira courss of the reaction. The results reported 
In the above Tables are suoBiarised below in Table 2.28. 
The data of th« above Table 2.28 was used to calculate 
by least square method* the values of the activation energy 
of Arrhenius ecpiatlon 
k^ « A e-^^^ (2.3) 
for each solvent studied. The activation parameters of the 
reaction ra te equation of Eyring, 
k » g^ e (2.4) 
03C t t 
^r AB*/R - AH Ait k « I*- e e (2.5) 
where AF ,AS and AH are free energy of activation, entropy 
of activation and enthalpy of activation respectively were 
calculated using the standard relations 
1 
AH* . £ . RT (2.6) 
TAS* .AH -AF* (2.7) 
based on the rate constant data of Table 2.28 and the 
calculated activation energy values. The results are sununaxised 
in Table 2.29. 
c 
•• 
-< m 
« e 
•H O 
Q U 
i 
'i 
4» 
e 
> 
o < f t t f > * f > o o - « F c 
CM S5 CO o Q o tf) 
CO 
CO 
CO 
CO 
CO 
•2 
CO 
CO 52 
O CO 
CO 
CO ^ 
to 
to 
t H % ^ % ^ 
00 
CO ^ 
CO 
CO ^ SS ^ S^ St ^ CO CO CO t o CO 
o o o o 
O ^ <S 00 O O O 
c i to H H jft jft a» 
o» o» CO c^  ir  
tn 
H -^ 
I t 
CO 
' * . . "tsi 
• • • • • » 
0» O* 0» O* Q O 
II e •O P^ fH 
f i2 ,2 .2 I 
o 
o 
I 
M 
2 
e 
e 
o 
"i V ? 
• o • 
•2 
* 
to 
to 
to CO 
so Q^ n 
8 8 I 2 ! ; 3 8 § ' " o 
S Dl 
e 
o 
a 
I o 
* 
04 
to 
8 
^ 
c O ' t f c o t o r t f o r o t o c o 
-< to 
t^ to 4 
e 
I 
a 
• 
& 
M 
O 
O 
«• 
I 
c 
e 
cc 
m 
u 
m (0 
a> 
-I 
ma 
to 
u< 
& 
•<7 
o 
u 
e 
o 
8 
s 
e 
9 
« 
S 
O 
« 
10 
a 
(A 
M 
IV 
M 
5 
^ 9 
a u 
o 
1! 
• 
|5 ^ 
65 
b'^ 
2,6 DISCUSSION 
Tables 2.26 and 2.29 show respectively the apparent 
f irs t order rate constant values at different temperatures 
In an Inert nitrogen atmosphere and the activation parameters 
for the decarboxylation of o<-plcollnlc add in nine addle 
and basic organic solvents. The reproducibility of the data 
reported V)B9 excellent within experimental error. The 
kinetic data In solvent aniline obtained In the attaosphere 
of dry carbondloxlde and Inert nitrogen gas are shown In 
Table 2.30. 
TABLE 2.30 
Kate data of decarboxylation of plcollnlc add In the 
solvent aniline in different gas atmospheres. 
Temperature 
Oc 
160.2 
168.2 
178.2 
'^ l 
(COj-
x 10*, ^ec*^ 
itsiosphere) 
1.15 
1.60 
3.82 
k^ X lO^.Sec"^ 
(N^-atmosphere) 
1.49 
2.75 
6.98 
b? 
The results show that the rate of the reaction becomes 
faster In presence of inert nitrogen as compart to that in 
presence of carbondioxide. Carbondioxide being a product of 
the reaction, the total pressure remaining the same* the effect 
of the presence of inert gas to increase the rate constant i s 
obvious. 
The validity and r^roducibility of the measurements in 
the present work can be checked fr<»i) Table 2.31. 
TABLE 2.31 
Coo^arison of kinetic data of decarboxylation of picolinic 
acid in solvent aniline obtained by different workers. 
AH A4»* RHFfcHtPCE 
(Kcal/mole) (e.u./raole) 
» " i • »iiii'i J HI • i i ' . i I I • « — — « III i i» i» <iii«i II > I » I mil I • n II II II « HI I III • I II III •nil 
31.4 -6.1 N.H.Cantwell and u.V.Brown. J. Am. 
Chem. aoc., ISt> 4466 (1953). 
ai.9 *4.4 L.W.Clark, J. Phys. chem.. ^,125(1962) 
32.4 -2.0 Present Work 
in which the present rate data and activation parameters in 
carbon dioxide atmosphere are compared with those previously 
reported by Cantwell and Brown^ and Clark? The perusal of 
above Table 2.31 shows that the agreement is excellent within 
experimental error. 
bs 
On the basis of th« data shown above i t i s difficult 
to decide v^ether the cyclic form err the zwitterion form i t 
the dominent in i t ia l reactant because both the init ial reactant 
forms enhance the positive potential on the ring nitrogen and 
decrease the electron density on the c<«carbon which will 
faci l i tate the fission of carbon-carbon bond* However the 
data reported in above Tables i s indicative that picolinic 
acid decomposes in the polar solvents by a bimolecular 
mechanism involving, the rate determining step, the electro-
philic, polarized, carbonyl carbon atom of the carboxyl group 
of the acid uniting with the unshared pair of electrons on a 
nucleophilic atom of the solvent, as has been proposed for 
other <x« and /^  <»ketoacids7 For example in case of the 
solvent aniline the bimolecular mechanism of the decarboxylation 
of the picolinic acid can be given as follows. 
-h 
N > 
yj 
N 
H 
C 
\ 
0 
0 
r^ r^ 
> 
NHj, 
6.0 
The va l id i ty of the above general mechanism for 
picol inic acid le aupported on the basis of the thermodynamic 
parameters reported in Table 2.29 and discussed below. 
The data in Table 2,29 indicate that the enthalpy of 
activation for the decarboxylation of picol inic acid i s not 
affected strongly by the acidity or bas ic i ty of the solvent. 
The largest value of AH observed (about 4o'3 K.cal/raole) 
occurs both in m-toluidine (pK|j,9.3) and m^cresol (pKa»lO.Ol), 
whereas the lowest value of 32..4^ and 32.33 iCcal/mole 
respectively occur in anil ine (pi%.9.3) and o-chloroaniline 
(pK|} 12.03). iFurthermore the observed rate constant values do 
not show any mathematical regularily with the d ie lectr ic 
constant of the solvent used. For the sake of comparison 
Table 2.32 l i s t s the values of Eyring parameters for the 
decarboxylation of oxamic >, oxanilic» oxal ic , picol inic and 
maIonic acid in the solvent anil ine. 
I t wil l be observed that in ani l ine the AH for the decar-
boxylation i s in order with the ef fect ive posi t ive charge on 
the carbonyl carbon atom of the acid molecule. lt would be 
noticed that AK for malonic acid i s smaller than i t i s for 
picol inic acid. This i s because the e f fect ive posit ive charge 
on the carbonyl carbon atom of malonic acid i s greater than 
i t i s on the picol inic acid. In nalonlc acid we have a strongly 
TABLE 2.32 
Kinttic data for dacaz^oxylatlon of various oxganic acidt In solvent anilini 
Acid 
Oxamlc 
Oxanillc < 
Oxalic 
Plcollnlc 
Malonlc 
/ • 
Formula 
NHg • C - COOH 
-^ H 0 
y — H • t ' COOH 
HOOC - COOH 
/==^^ COOH 
COOH 
^^COOH 
(Kcal/mole) 
99.7 
49.8 
40.3 
32.4 
26.9 
AS* 
(e.u./oiole) 
• 68.0 
• 46.3 
• 16.2 
- 2.0 
• 4.5 
Refexanea 
1 
2 
1 
Presont Work 
1 
1. L.W.Clark.J.Phys.Chem., ^ , 180 (1961) 
2. L.W.Clark, Ibid, §§,, 1543 (1962) 
7! 
electron withdrawing carbonyl group attached to the o<*carbon 
atom of a terminal acetic acid moiety. In the zwitterion of 
picolinic acid wt. have attached to the cK<»carbon at<m of the 
carboxylate ion a much more weakly electron withdrawing Imino 
t 
grox;^ . Fur termor e the values of 4H are in decreasing order 
from oxamlc acid to malonic acid» Table 2.32. The effective 
positive charge on the carbonyl carbon atom, of the reactant, 
in coordination tsdth the solvent, increases on passing from 
oxamic acid to oxanilic acid (since the positive mesomeric 
{*tJi) effect on the amide group is greater ^an that of the 
hydroxyl grouqp )» fr<MR oxalic acid to malonic acid (since 
the methylene group tends to prevent the transmission of 
inductive effects between the two terminal carboxyl group*^  ) . 
In Table 2.32 column four i t will be noticed that 4 ii 
for the decarboxylation of picolinic acid or malonic acid in 
aniline is considerably, smaller than that of oxamic acid. 
This may probably be due to the fact that a single molecule 
of oxamic acid, being a weak acid, i s involved in the rate 
determining coordinating step i^ereas In case of oxalic acid 
and picolinic acid association cluster or ''swelled super 
1 
moleculo^ are involved. The value of An i s a measure of 
relative con^lexity of the activated complex. In 9#neral an 
increase in size or steric hinderance of either solute or 
solvent will bring about a decrease in d^S and vice versa. 
7 2 
The suggested blmoleculax aechanifttn for th^ decaxboxy* 
lat lon of the pleol in ic a d d Involving the formation of the 
transition complex, as the rate determining step, between the 
e lectrophl l lc , polarized carbonyl carbon atom of the acid and 
the unshared pair of electrons on the nucleophlllc atom of 
the solvent molecule could be inferred from the data obtained 
in the present work and discussed below. 
Table 2.33 suiecrlses the results in the acidic and 
basic solvents along with the results obtained on malonic 
acid reported by Clark. 
A perusal of above table shows that the enthalpy of 
activation, AH , for the decarboxylation of plcol lnlc acid 
decreases In order m*toluldine> p-toluldinej:>o**toluidlne. The 
results can be explained in terms of the Inductive ef fect as 
follows. The presence of a methyl group has two e f fec ts , 
namely (1) posi t ive Inductive (^fl) ef fect iMiich increases the 
electron density on the nitrogen atom of the amine making i t 
± 
more nueleophlllc hence giving r ise to a decrease in AH and 
(11) a sterlc effect which hinders the approach of p lco l ln lc 
acid to the nitrogen atom of the amine resulting In a decrease 
in the entropy of act ivation,AS . Both the inductive and s ter lc 
effects of methyl group wi l l be most pronounced in o>toluldlne 
and l eas t in m»toluldlne. Therefore the order of increasing 
73 
TABLE 2.33 
Conpariton of kinetic data of decarboxylation of picolinic 
acid with that of malonie acid in various organic solvents. 
Solvent Picolinic Acid 
J 
Malonie Acid 
AH'^ AS^ AH AS^ 
(Kcal/mole ( e^/mole) Ucal/mole) (e-Mr/mole) 
(data obtained in present) (Data taken froni Clark*s work) 
vvork 
m-Toluidine 
p*Toluidine 
o-Toluidine 
iB«>Cresol 
p-Cresol 
o«€resol 
m-Chloroaniline 
o-Chloroaniline 
Oiphenylamine 
Aniline 
40.30 
37.29 
33.99 
38.59 
35.80 
33.67 
z^.n 
32.33 
34.55 
32.46 
• 
• 
4f 
+ 
• 
• 
-
4 
«» 
X5.57 
8.5X 
0.58 
i0 .02 
3.4* 
0,00 
5 . i 6 
2.76 
2.08 
2,01 
26.12 
26.58 
25.7 
32.3 
29,8 
24.2 
26.61 
26.58 
-
26,9 
- 5.8 
- 4 .4 
- 7.5 
• 3.2 
• •2 .4 
-16.5 
"• 6.3 
- 6.9 
-
- 4 .5 
• value taken from J. Phys. Chen., §^, 125 (1962). 
?'i 
nucleophlllclty of thete solvents will be Bwtoluldlne 
<p-toluldlns<o-toluldint. HS oxpsctsd* the decrease In 
AH (Table 2.33) Is in line with the nucleophlllclty 
of the solvents used. The decrease In entropy of activation, 
t AS » on going from m-toluldlne to o«toluldlne i s evidence 
for the sterlc effect in this particular reaction. Glarks 
1 
results an malonic acid do show that4H value of plcollnlc 
acid is much higher than that of malonic acid in any of 
these solvents indicating that the effective positive charge 
on carbonyl carbon atom i s greater in roalox)lc acid than that 
in plcollnlc acid. 
The results in acidic organic solvents m«cre8ol,p->cresol 
and o-cresol (Table 2.33) could likewise be explained as 
follows. The only respect in «iilch cresols differ fxom toluldlnes 
is that in cresols negative charge i s on the oxygen atom instead 
of nitrogen in toluldlnes. The methyl group like the toluldlnes 
will show both an inductive and a stearic effect. Therefore 
t t 
enthalpy, AH , and entropy, AS , of activation should decrease 
in order of n*cresol, p*cresol and o-cresol. The results In 
the above table are consistent with the nucleophlllclty and 
sterric hinderance of the solvents. Clarks data i s also in line 
with the Interpretation given above. 
The solvents containing halogen groups, m*chloroaniline 
and o*ehloroanlline, show for both plcollnlc acid and malonic 
7 J 
t t 
acid a decroate In AH and AS on going from ra-chloro* 
anlllnt to o«chloroanlllne, Th« halogen exhibits a negative 
inductive (•!) effect which withdraws electrons from nitrogen 
and are also capable of a positive electroroeric (•«-£} effect 
which furnishes electrons to nitrogen. If • ! effect alone 
were operative AH would be larger for halogen derivatives 
than It i s for aniline i t se l f and i f •£ effect were alone t operative AH would be lower for halogen derivatives than 
for aniline, according to our data in Table 2.33, AH for 
oochloroaniline and in<->chloroaniline are higher than for 
anilinx» indicating that a • ! effect i s operating. However, I the value of AH for o-chloroaniline was found to be lower 
than that of m*chloroaniline showing exactly an opposite 
relationship to that «A)at would be predicted on the basis of 
*I effect alone. Ittis result, however, i s not too surprising 
i f both the -Z effect and *& effect are taken into conside-
ration. The larger steric effect of chlorine atom in ortho 
1 
position is also revealed by comparing AS values for these 
solvents. In case of nalonic acid a 4-E effect seems to be 
dominant. 
t t 
A comparison of AH and A S values for the solvent 
diphenylamine with that in aniline clearly indicates that -I 
effect is operative and can be explained in the similar fashion 
as done for the other solvents. 
7 6 
Though the blisolecular decarboxylation results in the 
solvents studied show a s imilarity with Dalonic acid but th© 
solvent e f fect based on 4 H and AH values can be explained 
in terms of inductive and s ter ic e f fects provided a def ini te 
series of the solvents considered separately. For example 
the H values for thu solvent o-toluidine, m-toluldine and 
p-toluidine do not f e l l in l ine v?ith that of parent compound* 
anil ine. This may well bu duu to tha fact that the decarboxy-
lat ion reactions ivere performed at temperatures higher than 
isokinetic temperature and rate of the reaction i s guided by 
the entropy of activation and not by the enthalpy of activation 
as explained belo«<;. 
The isokinet ic temperature 1© the temperature at «;hich the 
rates of decarboxylation of certain acid are the same in a number 
of solvents (mostly belonging to the same homologous series)and 
and i s arrived at by determining the slope of a l ine obtained 
t t 
by plotting-AH versus AS for the decarboxylation in these 
t 1 
solvents. i\ l inear relationship between the AH and Ao in 
a number of solvents i s a proof of the mechanism of decarboxy-
lat ion being the same in al l these solvents. 
»\ plot of enthalpy of activation versus entropy of activation 
for the decarboxylation of plcol lnlc acid and that of malonlc 
acid (data of Clark in creso l s ) , based on the data in Table 2.33» 
Is shoivn in Fig. 2.11 and show a remarkably linear relationship 
between entropy and enthalpy of activation. 
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P«tttrs«n> e t . a l ^ have crit ical ly analyzed the problem 
of the validity of an observed linear enthalpy*entropy of 
activation relationship* They have shown that such an observed 
relationship i s probably invalid* in the light of experimental 
1 
error, i f the range of AH values i s less than twice the 
± RiaxltoufR possible error in AH . /^plying their mathematical 
Interpretation 
4H% 6 •.H4:::f-in ^ , ^ j ^^j, (2,8) 
and 6 « R 1 ^ In •[} ^^] (2.9) 
1 
v;here & i s maxiimim possible error in A H and cK i s the maximum 
possible fractional error in k.(and k!) measured at t«o 
different temperatures T(and T*), to the present data we find 
that the range of AH values (from 32.33-40.30 IC,cal/roole) 
is 7,^7- K.cal/nole, wrtiereas the maximum possible error in A H 
(assuming a maximun fractional e n or in the rate constant to 
O.Od) turns out to be 2.0 K.cal/mole. On this basis of the range 
of AH values Is thus more than three times as great as twice 
the maximum possible error in AH • Therefore according to 
Petersen, et al , Flg.2.11 i s possibly a valid relationship and 
not due to the experimental error. 
If a given reaction series affords a set of linearly 
related «ctlyitlQn parameters, the slope of the line produced 
r Ace No. ^>-K' 
I ; -J^AVQ.^ / 
ys 
by the parameters Is known as the isokinetic temperature 
of the reaction series. All the reactions confirming to the 
13 line occur at the same rate at the isokinetic temperaturer*^ 
The slope of the line for pleolinic acid in Fig.2,11 is found 
to be 422®K. It Is very interesting to note that the iso-
kinetic temperature of 149^0 obtained in the present vmrk 
comes out to be the same as obtained by Clark using thirtytwo 
different solvents. Furthermore, it is interesting to note 
that line I and line II in Fig.2.11 are parallel. Line II 
is an extension of the isokinetic temperature line obtained 
previously by Clark for the decarboxylation of malonic acid 
in a variety of polar solvents. For a given reaction a change 
in structure of reactant often results in the formation of a 
new isokinetic temperature line parallel to the original 
line. The intercept of the isokinetic temperature line on 
the xero entropy of activation axis yields AF , the free 
energy of activation at the isokinetic temperature, for all 
13 
the reactions confirming to the liner The smaller the value 
of AFQ, the faster is the reaction at the isokinetic tempe-
rature. In other words lower the line in Fig.2.11, the faster 
is the reaction at the isokinetic teiq>erature. 
Evidently for the sane kind of reaction, if a new 
reaction series is observed yielding a new isokinetic tempe-
rature line parallel to the original line, as has been seen 
7 A 
In Flg.2.il fox malonlc acid, the two series of reactions 
probably take place by the same isechanlsm. On this basis it 
may be inferred that the mechanism of decarboxylation of 
picolinic acid in polar solvents is the same or similar to* 
that of malonlc acid. The results thus strongly favour the 
Involvement of unioniied form of picolinic acid rather than 
the zvdtterion as the entity involved in the decarboxylation 
reaction. 
i 
The value of Af , the free energy of activation for a l l 
± 
the reaction a t isokinetic temperature ( AF^ « 33.64 K.cal/mole) 
can be substituted In the absolute reaction ra te equation 
fe « J ^ e ** . . . . {2.10) 
to calculate the rate of the reaction at isokinetic temperature. 
On this basis k comes out to beo.000033 sec"'*' at 149®C whereas 
t for malonlc acid AF^ is 28.75 K.cal/mole and k comes out to 
be 0.0034 Sec*^ at 135®C. Therefore the decarboxylation of 
nalonle acid takes place about 100 times as fast as that of 
picolinic acid at isokinetic temperature. These results are 
consistent with the relative electronegativities of the 
oxygen and nitrogen atoms* 
The results obtained above indicate clearly that an 
increase in the mutual attraction between the electrophile-
nucleophile pair, taking part in the bimolecular heterolytlc 
S'l 
reaction* (caused either by an increase in the effective 
positive char9e on the electrophile or by an increase in the 
effective negative charge an the nucleophile) may either (i) 
increase the rate constant a t the isokinetic tei^erature 
mdthout change of the isokinetic temperature or ( i i ) ra i se 
the isokinetic temperature. Low isokinetic teinperatures are 
associated with reaction series involving electiraphile-
nucleophile pairs having re la t ive ly weak a t t ract ion for one 
another. Such reactions will ordinarily take place a t tempe-
ratures above the Isokinetic temperature, hence their speed 
will be governed by the entropy of activation and not the 
15 
enthalpy of activation. High isokinetic temperatures are 
associated with reaction series Involving electrophlle-nucleo'* 
phlle pairs having st^ng attractions for one another, buch 
reaction will obviously take place at temperatures below the 
Isokinetic temperature, hence their speed will be governed 
by the enthalpy of activation, not the entropy of activation^ 
Thus It Is concluded that the decarboxylation of 
plcollnlc add takes place through a blmolecular mechanism 
Involving the unionized acid molecule. The rate determining 
s t ^ of the reaction apparently Involves the coordination of 
the polarlied, electrophlllc carbonyl carbon atom of the acid 
with an tinshared pair of electrorw on a nucleophlllc atom of 
the solvent. 
^ 
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CHAi-TtR 3 
BATk isTUDIES ON IHE DtC/^BOXYU^tlON OF t'YHUVIC 
.VCID IN OHGANIC c»OLVEMTS 
>^'S 
3 . 1 PHiiLXMINABY Ha&HKICi 
« 
I'yxuvic acld» CH.CCXJOOH, dnd i t s aldehyde* methyl 
glyoxal «re of extreme biological Importance because they 
form the nucleus of thia Interconvereions of the proteins^ 
carbohydrates and fats* Decarboxylation reactions of the 
pyruvate and c<-keto glutarate are of central importance In 
metabolic processes and the enzyme catalyzed decarboxylation 
reactions of these compounds have been studied in deta i l . 
*^yruvlc acid i s the siitqplest example of -keto acids 
and shows reactions of both ketones and acids. The keto 
group in pyruvic acid i s highly reactive. The methyl group 
of pyruvic acid i s activated by the adjacent carbonyl group 
and undergoes a number of condensations. On cooling,pyruvic 
acid so l id i f i e s to give a crysta l l ine mass which melts at 
13.6** and boi ls at i65** with partial decomposition. The 
thermal decarboxylation of pyruvic acid yie lds both aldehyde 
and carbondioxide. 
CH3CO COOH ^ CH3CHO • CO2 
Extensive kinetic studies on the decarboxylation of 
o<»ketoaeids namely oxamic and oxanil ic acid has been reported 
by Clark In molten sa l t s as well as in different solvents?*^ 
The experimental evidence obtained indicates that oc-ketoaclds 
8 4 
probably undergo decarboxylation in the nucleophlllc solvent* 
by a machanlsm quite similar to that of /i-ketoacids .namely 
the formation of an activated complex, a carbonyl carbon atom 
of the reactant coordinating with the pair of unshared 
electrons on one of the nucleophillc atoms of the solvent , 
f ac i l i ta t ing cleavage. The rate determining step i s the 
formation of the transition s tate . However, subsequent 
results of decarboxylation of o<-ketoaclds of Clark in acidic 
as well as in basic organic solvents suggests that in 
ionizing basic solvents the anion of the acid undergoes 
decarboxylation, v^ereas in the acid media, ionization i s 
suppressed and the undissociated acid decoRiposes. 
Although pyruvic acid being the f i r s t member of 
homologous series of c<«kiitoacids, apparently, never has bvien 
subjected to the decarboxylation kinetic study, the analogy 
between i t and the other o<-ketoacids studied suggests that 
i t , too, should be capable of undergoing decarboxylation in 
polar solvents by essent ia l ly the sams mechanism as reported 
for oxal ic , oxamic and oxanil ic acid^T^ v;ith this in view, 
the kinetic studies on the decarboxylation of pyruvic acid 
in solvents m-nitroaniline, m-chloroaniline and o*chloroaniline 
were undertaken in inert nitrogen atmosphere and the results 
arc discussed in this chapter. 
s^ 
3.2 MATEfiiALs mk>wmn 
Pyruvic acid of Koch Light Laboratories, iingland fc^as 
purified by d i s t i l l a t i o n under reduced pressure (b .p .60-62V 
10 ffiffl) and estimated by acid a lkal i t i trat ion . The faint 
straw coloured pyruvic acid san^le thus obtained was stored 
in vacuum over anhydrous calcium chloride and used as such 
in a l l the experiments reported here* 
Analytical grade j»-nltroaniline of Hledel,Germany 
was taken and dissolved in hot doubly d i s t i l l e d water and 
recrystal l ised on leaving the hot aqueous solution 
undisturbed for twenty four hnurs at room teisperature. The 
bright yellow crystals of ro-nitroaniline were dried at BO-SS*' 
for twelve hours and the melting point observeU was 112. £>^ . 
0-Chloroaniline (b.p.207^) and n-chloroaniline 
(b.p.230°) of Koch Light laboratories, England were d i s t i l l e d 
immediately before use under reduced pressure. 
3.3 AFPrthATliS AND TECHNI(4U£ 
The apparatus used was essent ia l ly the sane as 
described In Chapter 2. In running an experiment the o i l bath 
was brought to the desired temperature and a known amount, 
80 gai, of the solvent was added to the thoroughly dried 
reaction vesse l . A stream of dry nitrogen gas was then bubbled 
^ 6 
through the solvent f©r several minutss to ©nsura 
saturation, (the acid sample being studied was weighed 
quantitatively Into a thin glass capsule blown from 6 tm* 
uoft glass tubing and weighing approximately 0.2 gro). The 
level of the liquid of the outer jacket and the burett« 
was set at zero volume. The reaction was, then, started by 
dislodging and breaking the capsukv^ith the help of the 
laovable probe Into the solvent s e t at constant st irring 
by the use of the magnetic s t irrer . The evolved mixture 
of ca^ribondloxlde and acetaldehyde was cooled by passing I t 
through the spiral glass capi l lary placed In water bath at 
30®. Precautions were taken that acetaldehyde formed remains 
In gaseous form throughout the course of the reaction* The 
volume of the mixture of carbondloxlde and acetaldehyde evolved 
was noted at regular intervals of time by equlllzlng the 
leve ls of the entraining liquid In the burette and the 
water jacket. The atmospheric pressure for each run was notea 
in a Forteln*s barometer and used to convert the volume of 
the gas mixture collected at about 30**C to that at ^. T.P. 
Experiments were repeated two or three times a t different 
reported temperatures for each solvent. In the measuring 
burette the amount of the volume of ths gas recorded Is a 
mixture of carbondloxlde and acetaldehyde. The fact li that 
the molecular weights of carbondloxlde and acetaldehyde are 
8 7 
the same, the volume of the gaseous aldehyde and carbon-
dioxide evolved at any time \r'ould be same for any given 
amount of the acid taken. Therefore presuming the molar 
volume of carbondioxide and acetaldehyde to be same, the 
volume of the carbondioxide, V ,^ ovolveii at any time, t , 
v^ as taken as half of the observed value in the measuring 
burette after converting i t into i»,T.P. value. However, the 
calculated theoretical value, for a given amount of the 
acid, taking into consideration one mole of the acid gives 
one mole of carbondioxide on complete decarboxylation, was 
taken as the volume at in f in i t e time, Voo » corresponding 
to the i n i t i a l concentration of the acid. 
3.4 RE^ iULTS AND DISCUSSION 
The decarboxylation of pyruvic acid was carried out 
in three different solvents m-nltroaniline (t^nperature 
range 117-132°), m-chloroaniline (teiR|>er«ture range 60-75®) 
and o-chloroaniline (temperature range 60-75**). In a l l these 
studies acetaldehyde was foxmed and analyt ical ly t e s t e ! 
to be one of the decarboxylation products of the reaction. 
I t i s interesting to note that by condensing ani l ine 
with pyruvic acid Bottinger® obtained a product, Cr^ ^UPA^O* 
which he cal led *aniluvltonic acid*. This compound gave 
quinaldine and caxi>ondloxlde when heated; 
s^ . 
Dobner showed that anlluvitonic acid resulted in 
better yield v^en anil ine was condensed with an equlmolecular 
ntixture of pyruvic ^cld and acetaldehyde* and that Bottinger^s 
synthesis was due to the partial conversion of the pyruvic 
acid into acetaldehyde by the l o t s of carbondioxlde. The 
method was extended by Dobner to a vari«}ty of aldehydes and 
the over a l l reaction can be given as 
^ ^ 
m. 
COOH 
\ 
CO 
\ 
CH, 
CHO-R 
COUH 
(anlluvitonic acid) 
12 
Borsche** showed that the primary product of the 
Interaction of an arylamine, pyruvic acid and an aldehyde, 
namelys 
R CHO 
v^_ 
H 
H 
CHjCO CQCU 
NH.Ar 
i e . f i CH 
'CH2CX). COOtt 
Mi Ax 
Riay undergo ring closure in two ways, giving in one case a 
dihydroquinoline 4nd In the other a diketopyrrolldine. The 
8^ 
formet l« conv«rt«d into corresponding quinellne, ^ e la t ter 
takes up a further molecule of base to form an anl l ide: 
COOH 
I 
CO 
^CHR 
m 
COOH 
^ 
m 
CHH 
COC*l 
or 
CO 
COOH 
mfh 
cHa 
CO 
CO 
CH2 
CHR 
i^ h N«C CH, 
CO CHR 
The proportions of the t«/o products very according to the 
amine, aldehyde and solvent used. 
ITie three nitroanil ines give no quinolines vdth 
benzaldehyde and pyruvic acid, indeed o-nitroanil ine f a i l s 
to react at a l l . Other ortho substituted amines have been 
similarly found to give neither th9 diketopyrrolidine nor the 
quinoline derivativef^ Therefore the substituted ani l ine 
solvents chosen, namely iB«nitroaniline, m-chloroanillne and 
o-chloroaniline do not undergo Dobner*s synthesis in presence 
of acetaldehyde, a reaction product. This was further confirmed 
D ^ 
expexiflfientally by not detecting the products of the Dobner'e 
synthesis corresponding to the reactants in our case. 
Having regard that the solvents chosen in the present 
study of the decarboxylation of pyruvic acid are inert to 
Dobner's synthesis, the volume of the carbondioxide evolved 
with time for different sets of conditions namely, i n i t i a l 
concentration of the acid, t<Knper«*ture and solvent used are 
given in Table 3. i-3*25. The representative graphical plots 
for a set of data in each of the solvents are shown in 
Fig ,3 .1-3 .3 . The fact that the total volume of c<irbondioxide 
evolved at in f in i te tiin«d, Vco , i s inuch less then that the 
volume of carbondioxide theoretical ly calculated from the 
i n i t i a l amount of the acid taken, c learly indicates that the 
reaction i s ccMcplex and the products formed are involved in 
the back reaction to set up equilibrium at some stage of the 
reaction mechanism, oince th« data given in Table 3.1-3.2t^ 
do not follow any specif ic reaction *Order" throughout the 
course of the reaction, i t was found necessary to use the 
differential method suggested by Von't Hoff to calculate 
the order of the reaction with respect to concentration and 
with respect to time by the following method. 
In the differential method, on9 deals with the actual 
rates of the reaction as determined by measuring the slopes 
9t 
TABLE 3.1 
Temperature of reaction vessel « il7.8^C 
?.'eight of solvent (ro-nltroanlllne) « 80.0 gm. 
Time 
in 
fflinutes 
ivt.of pyruvic acidUorres^ Y:t.of pyruvic acid( corresponding 
pondlno 40 ml of CO2 At 
u T.P.) • 0,1580 gro. 30 ml of CO2 at o. T. t>.) « 0,1186 gro. 
0 
0 .5 
1 
1.5 
2 
2 ,5 
3 
4 
5 
6 
7 
8 
9 
10 
12 
14 
16 
00 
Vol .of CQo evolved 
a t 31.00c and 740.0 
mm a t m.pressure 
ml 
0 .0 
2 . 5 
4 . 4 
5 .9 
7 .2 
8 .8 
9 .0 
11.3 
12,9 
14 .1 
15.1 
15.9 
16.6 
17,2 
17.9 
18.5 
19.0 
19.2 
Vol. o f 
CO2 « t 
ml. 
0 .0 
2 , 2 
3 .8 
5 . 1 
6 , 3 
7 .3 
8 . 3 
9 .9 
11 .3 
12.4 
13.2 
13.9 
14.6 
15.0 
15.6 
16.2 
16.6 
16.8 
Vol, of C0« evolves 
32**C and 739.2 m 
m, pressure 
ml. 
C.C 
1.7 
2 .8 
3 .4 
5 . 2 
6 .2 
7 . 3 
9 .0 
10,6 
11.8 
13.0 
14 .1 
14.7 
15.0 
-
«k 
-
15.5 
i at 
at 
Vol. of CO, 
a t S.T.P. 
ml. 
0 ,0 
1.5 
2 .4 
3.0 
4 . 5 
5 .4 
6 .4 
7 .8 
9 . 2 
10.3 
11.3 
12 .3 
12.8 
13 .1 
«» 
•» 
«• 
13.5 
9'? 
TABLE 3 .2 
Tenq>erature of react ion v e s s e l « 122.2^0 
;veight of so lvent Iro-nltroanil lne) 80 ,0 gau 
v;0lght of pyruvic acid 1 corresponding 40 ml o f 
CO2 a t o, T.P,) « 0.1580 gsj. 
Tim© in 
minutes 
0 
0.5 
1 
1.5 
2 
2.5 
3 
4 
5 
6 
7 
8 
9 
10 
12 
16 
00 
Vol. of COo eve 
3n.6*>C ana 74J 
m.pressure 
ml. 
0.0 
2.8 
4.9 
6.8 
6.3 
9.7 
10.8 
12.6 
14.7 
15,3 
16.4 
17.2 
17.8 
18.4 
19.2 
19.9 
20.3 
n. 
0.0 
^..5 
4.3 
6.0 
7.3 
8.5 
9.9 
11.0 
12.5 
13.5 
14.4 
15.1 
15.7 
16.1 
16.8 
17.4 
17.8 
1^ 3 
TABLE 3,3 
Temperaturo of reaction vessel » 127.2^0 
v/elght of solvent (m-nltxoanlllno) •* 80«C gn. 
Time In *Vt.of pyruvic acl<J(corre8« 
minutes pondlna 40 ml of CO2 at 
b. T.P.) m 0. i&eO gra. 
v;t.of pyruvic aclcKcorrespondlng 
30 ml of CO2 «t ii. T, P.) « 0,1186 gm 
0 
0 , 5 
1 
1.5 
2 
0 .9 
3 
4 
5 
6 
7 
8 
9 
10 
12 
16 
00 
Vol 
a t 
mm 
..of QO2 evolved 
3n.20C and 736.3 
a t m. pressure 
ml. 
0 ,0 
3 .4 
6 . 1 
8 . 3 
10.1 
11.5 
1?.5 
14.4 
15.7 
16.7 
17.5 
18 .1 
18.7 
19.0 
19.6 
20 .9 
21 .5 
Vol. o f 
CO2 a t 
0, T. P. 
ml. 
0 . 0 
3 .0 
5 . 3 
7 .2 
8 .8 
10.0 
10.9 
12,6 
13.6 
14.6 
15 .3 
16 .1 
16.7 
17 ,1 
17.8 
18.2 
18.7 
Vol, of COo evo* 
32.1°C and 739. 
a t m.pressure 
ml. 
0 ,0 
2 . 8 
4 . 9 
6 .7 
8 . 1 
V . i j 
10.3 
11.9 
13.0 
13.9 
14.7 
15 .3 
15 .7 
16 .2 
«* 
• 
17.2 
Ived a t 
17 mm 
Vol .of COo 
a t ii. T.P, 
ml. 
0 ,0 
2 , 5 
4 . 3 
5 .9 
7 . 1 
8 . 1 
9 .0 
10.4 
11.4 
12 .1 
12.8 
13.3 
13.7 
14 .1 
mm 
-
15.0 
^ i 
TABLE 3,4 
Temporaturo of reaction vessel •» 132.0°C 
I.eight of solvent!ro-nitroanllinew 80,0 gm. 
Time in 
ininute 
^^t.of pyruvic acid(corre8» 
pondinq 40 ml of C(^ at 
d.T,**.)* 0. ISSOgm. 
Vol.of COo evolved Vol.of 
at 29.6«C and 737.4 COo at 
tm at in* pressure ii,j»k*, 
m l . A l l * 
R't.of pyruvic acldCcorresponding 
30 ml of CO2 at G. T. P.) «0, il86gBi 
Vol.of COoevolved at Vol.of CO2 
30.00c ^m 739.0 mm at i». T.P 
atm.pressure 
ml. ml. 
0 
0,5 
1 
1.5 
2 
2.5 
3 
4 
5 
6 
7 
8 
9 
10 
00 
0 .0 
4.3 
7 .1 
10.1 
12.0 
13.6 
15.0 
16,9 
Id. 4 
19.5 
20.3 
21.0 
21.5 
21.8 
22.5 
0 ,0 
3 .8 
6 .2 
d.8 
10.5 
11.9 
13.1 
14.8 
16.1 
17,1 
17.8 
18.4 
13.8 
19.1 
19.7 
0 .0 
3 ,4 
5 . 7 
8*1 
10,0 
11.0 
12,6 
14.4 
15.4 
16.6 
17,0 
17.1 
•» 
«• 
17.7 
0 .0 
3 .0 
5 .0 
7 . 1 
8 . 8 
10.0 
11.0 
12.6 
13.6 
14.5 
14.9 
15.0 
~ 
• 
15.5 
• Vl-fC 
1^2-rc ! 
o, V'lQ^C 
>'; 
';'- rr, '^ 
Volurro (^ f COp at ? "!' '^ rvolvcc! w;!^ t ' ; - t •'• 
the decarbox i ! Ati ")'^  of pyruv r ..<c' • •' ! i" •"! 
at d i f fe rent t t m [ ' e r a t u r e h 
TABLE 3 .5 
60^C Temperatur« of reaction vessel 
'«veight of 8olv©nt(ro-chloroaniline)««6n.O gro. 
Time In in.of pyruvic acid 
minutes (correspondlna 50 ml of 
CO2 at S. T.P,)» 0.1977 gro. 
li't.of pyruvic acid (corresponding 
45 ml of CO2 a t 3.T.P.)« 0,1779 gm 
0 .0 
0.5 
1 
1.5 
2 
3 
4 
5 
8 
10 
11 
13 
18 
00 
Vol.of evolved Vol.of 
at 28.4<>C and 741.0000 at 
mm atm.pressure i',j»V* 
ml ml 
0 .0 
8 .4 
10,4 
11.0 
11.4 
12.0 
« 
X2e 0 
13.6 
-
14.2 
14,5 
15.1 
15.7 
0 ,0 
7 .4 
9.2 
9.7 
10.1 
10.6 
«w 
11.3 
12,0 
• 
12.5 
12.8 
13.0 
13.8 
Vol. 
28. f 
atm. 
of evolved 
t^ C and739.6 
pressure 
ml 
0.0 
7 .7 
9 . 5 
10.0 
10.5 
-
10.9 
11.8 
12.5 
13.0 
-
13.3 
-
13.7 
at 
R8n 
Vol.of C»2 at 
.>.T.P 
ml 
0 .0 
6 .8 
8 .4 
8 .8 
9.3 
-
9 .6 
10.4 
11.1 
11.5 
« 
11.7 
-
12.1 
H6 
Time i n 
minutee 
0 
n.5 
I 
1.5 
2 
?.ti 
3 
4 
5 
6 
7 
XX 
Xti 
oo 
Temperatur« of 
TABLH 3.6 
react ion v e s s e l - 65**C 
Weight of so lvent (ffi-chloroanillne)» 60 .0 
R't.of pyruvic acid (corresponding 
50 ml of C02 a t 3, T, F« )«0.1977 qm. 
Vol .o f C02 evolved Vo l .o f GOo 
a t 32.0"G and742mB» a t b.T.P. 
atfB, pressure 
ml 
0 .0 
10.2 
13 .3 
14.9 
16.0 
-
16.3 
17.2 
17.7 
17.9 
13.1 
18 .3 
18 .3 
Id. 5 
ml. 
0 .0 
9 .0 
11. a 
13 .2 
14 .2 
-
14. d 
15.2 
15.6 
15.8 
16.0 
16.2 
16.2 
16.4 
r t . o f 
pondir 
S.T.P. 
Vol.o< 
a t 31. 
gm. 
pyruvic a c i d ( c o r r e s -
lo 60 ml of €X>2 a t 
)m 0.2359 gra. 
? CO2 evolved Vo l .o f 
O^c and 740mf: COo a t 
atffi. pressure , 
ml. 
0 ,0 
11,4 
14.4 
16.0 
17.2 
17. d 
Id. 3 
Id. 6 
Id. 3 
19.0 
19.0 
-
« 
19,0 
«J. T . F , 
ml. 
0 , 0 
10.0 
12.6 
14.0 
Xb, I 
15.6 
16.0 
16 .3 
16.4 
16.6 
16.6 
•» 
-
16.6 
y7 
T A B L E 3.7 
Temperatur* of react ion v e s s e l • 70°C 
V.elght of Solvent ( fn-chlorosnl l lne)» 60 ,0 gn>, 
Weight of pyruvic a d d (corresponding 50 ml o f CO2 a t S, T,P.) 
e 0.1977 g«. 
Tim© In VoUof CO2 «volved a t 32.0°C Vol .o f CO2 *^ J>. T.P. 
minutes and 742.0 nan ats». pressure 
ml. 
\J 
0 . 5 
1 
1.5 
2 
2 . 5 
3 
4 
5 
6 
8 
12 
16 
00 
U . t J 
XI. 4 
16.0 
17 .2 
18.4 
19 .5 
2 0 . 5 
21 .5 
4MB.e £ 
22 .6 
2 3 . 1 
2 3 . 3 
2 3 . 3 
23 .4 
0 .0 
10.0 
M.O 
15.0 
16 .1 
17.0 
17.9 
18.8 
19.4 
19 ,8 
2 0 . 2 
2 0 , 4 
20 ,4 
2 0 , 5 
9S 
rmiu 3.8 
Ten^er^turt of reaction vess«l 
Weight of solvent (ra-chloroanlllne) 
« 75®G 
m 6n«0 gn 
Tiffld in Wt.of pyruvic acid( corresponding V«t.of pyruvic acid (corresponding 
minutes 50 ml of C02at S.T.P.)-0.1977 gm. 45 ml of CO2 «t iS. T.P.)«0. i779gai 
Vol.of COo evolved Vol.of COo Vol.of CO? evolved Vol.of CO2 
at 29.90c and 740.6 at S.T.P. at 32®C and 739.2 at ii.T.P. 
im atm. pressure fsm atm. pressure 
ml. lal* ml. nl. 
0 
0 .5 
i 
1.5 
2 
2.5 
3 
4 
5 
8 
11 
14 
CO 
0.0 
16.9 
22.8 
23.5 
24.7 
• 
e» 
25.8 
26.2 
27.1 
27.6 
28.0 
28.5 
0 . 0 
12.0 
18.0 
20.2 
21.7 
mm 
-
22.6 
23.0 
23.8 
24.3 
24.6 
25.0 
0 .0 
10.6 
14.7 
17.2 
18.6 
19.3 
20.0 
20,4 
20.7 
20.7 
•» 
«» 
20.9 
0,0 
9 . 2 
12.8 
15.0 
16.2 
16.8 
17.4 
17.8 
18.0 
18.0 
• 
-
18.2 
Pyruvic acid ini t ial ly taken = 0-1977gin 
(corresponding 50ml of CO2 at 5 TP) 
ji-
8 1? 16 20 
Time in minutes 
Fiq.3'2 VoiumG of carbondioxtde evolved at 5 T f^  wit ! ' 
t ime for the decarbox i la t ion of pyruvic acid m 
m-chioroani l ine at di f ferent temperatures. 
bfi 
TABLE 3.9 
Tesserature of roactlon vessel « 60^ C 
Weight of solvent lo-chloroanlline) « 60.0 gm 
Time ivt.of pyruvic aeid( corresponding l^ ft.of pyruvic acid (corresponding 
in 30 ml of CO2 at G.T.i'.)«=f^ . X977gm. 60 ml of CO2 «t 3.T.P.)»0.2339gra 
minute v^i.^^ cOo evolved Vol. of CO2 Vol. of CO2 evolved Vol. of CO2 
at 3i.80C and 738.8 at t».T.P. at 32.30C and 737.0 at S.T.P. 
tm ata. pressure tm atm.pressure 
ml ml ml ml 
c 
0 . 5 
1 
1.5 
2 
2 , 5 
3 
3,3 
4 
5 
6 
7 
8 
10 
14 
18 
00 
0 .0 
5 .0 
7 .8 
9 . 5 
10.5 
11.1 
w 
12,0 
. 
12.6 
13.0 
13.2 
13.5 
14.0 
14.7 
14.8 
14.8 
0 . 0 
4 . 0 
6.7 
8 .4 
9 .0 
9.6 
• 
10.4 
tm 
10.9 
n.2 
11.4 
11.6 
12.0 
12.7 
12.8 
12.8 
0 . 0 
7 .8 
12.0 
13.6 
14.3 
15.0 
15,5 
-
16.2 
16.5 
17.0 
. 
-
18.0 
19,1 
-
20,0 
0 . 0 
6 . 6 
10.4 
11.8 
12.4 
13.0 
13.4 
-
14,0 
14,3 
14.7 
-
• 
15.6 
16.7 
-
17.4 
a 
Tine 
in 
minutes 
0 
0 , 9 
I 
i.b 
2 
2 . 9 
3 
4 
5 
6 
8 
10 
14 
18 
00 
90 
TABLE 3.10 
Temperature of react ion v e s s e l 
Weight of so lvent (o*chloroani l ine) 
.of pyruvic acid(corresponding 
ml of CX)2 a t 3 . T. K ) aO. 1977 gn. 
Vol .o f CO2 evolved 
a t 31.0®C and 738.4 
mm a to. pr eteuxe. 
ml 
0 .0 
8 .4 
12 .1 
13.5 
14.1 
14,7 
15.3 
15.9 
16 .3 
16.9 
17,2 
17.5 
17.7 
17.8 
17.8 
Vol. o f C02 
a t iJ.T.t*. 
ml 
0 ,0 
7 , 3 
10 .9 
11,8 
12 .3 
12.8 
13.4 
13.9 
14,2 
14.7 
15.0 
15 .3 
15.4 
15.5 
15 .5 
Wt. of 
»60 ml 
e 65®C 
• 60 .0 gm. 
pyruvic acid(corresponding 
of CQ2 a t 0. T. i>.) -0.2399gra, 
Vol .of CO2 evolved 
a t 32<>C and 737 .9 
mm atm. pressure 
ml 
0 .0 
U 5 
16.1 
17.5 
18. 2L 
-
19.3 
19.8 
?r.b 
20,9 
21.4 
21.9 
• 
• 
21.9 
Vol.of CO2 
at S.T.P. 
ml 
0 . 0 
7 .4 
14.0 
1^.2 
19.8 
-
16.8 
17.2 
17.8 
18.2 
18.6 
18.7 
•M 
mt 
19.0 
i'J 
T A B L E 3.11 
Tea$>exatur« of reaction v t s s t l • 70®C 
Weight of ftolvent(o-chloxoanilin«) » ^ . 0 9m. 
iveight of pyruvic acldCcorrMponding 50 ml of CO2 at 
^. T.P.)« 0.19T7 gnw 
Time In Vol. of CO2 evolvtd at 31.0**C Vol^of CU2 at o.T.P. 
minutat and 738*8 fom atm.pre»8ur« 
nil .* A l l * 
WiWiWi n m l l — M — M ^ I iiMii|Wi,»iwii a I Ml II •! < B W W » * « ^ I Wi Bi • m <ii i >• • n i l IIHW .ii ill Mi n i l • ! I li i n I I I ^ W l 
0 0.0 0,0 
O.S 11,3 9.9 
1 14.5 12.7 
1.5 le.O 14.0 
2 17.2 15.0 
2.5 16.1 15.8 
3 18.7 16.3 
3,5 19.2 16.7 
4 19.5 17.0 
5 20.2 17.6 
6 20.2 18.0 
8 21.4 18.7 
10 22.0 19.4 
14 22.6 19.7 
18 23.1 20,0 
00 23.3 20.3 
lu'^ 
TABLE 3.12 
75**C T^jqpexatux* of reac t ion V M 8 « I 
r/elght of i iolv«nt(o-chloroanHin«) « 60 .0 gnu 
Time 
in 
minutes 
0 
0,5 
I 
1.5 
2 
2 .3 
3 
4 
5 
7 
8 
iO 
i4 
16 
00 
is/t. 
50 
Vol 
at 
nsn* 
of pyruvic 4cid(corresponding 
ml of CO2 at S.T,4'.)«0.1977gm. 
..of CO2 evolved Vol.of CO? 
31.60c and 738.7 at S.T.P. 
a tm* pressure 
ml. 
0.0 
i:>.l 
17.5 
19.7 
21.0 
22.0 
22,5 
23.2 
24.3 
24.9 
25.2 
25.9 
26.6 
26.8 
27.0 
ml. 
0.0 
10,5 
15.2 
17.2 
Id. 3 
19.2 
19.6 
2n.2 
21.2 
21.7 
22.0 
«.A* d 
23.2 
23.3 
23.5 
Wt. of pyruvic scid corresponding 
60 ml of CO2 at J. T.I. )«0.2339gm. 
Vol. of CO2 evolved Vol.of CO? 
at 32.00c and 742.0 at a.T.P, 
Wpn, 
• 
atm. pressure 
ml. 
0,0 
14.9 
21.5 
23.3 
24.9 
25.5 
26 .3 
26.9 
27.3 
27.9 
28.1 
20,6 
«» 
m> 
28.8 
ml. 
0.0 
13.0 
18.8 
20.4 
21,8 
22,3 
23,0 
23.6 
24.0 
24.4 
24.6 
25.0 
«» 
m> 
25.2 
2U 
wA^' — 
.t^^' 
A- ,iS'-
. - G K ' - ^ ' 
• ^ 
—& 7b C 
1Q\: 
© — es^'c 
60°C 
Tyru^^c acid ^nr'ually la ion-O 'i977 
qin(COM''.^''3pond!ng 50ml O'" COp <3t 
0 Q 
TI m 0 
1? 
n -; (i u I L- S 
1G 
-J . 
20 
Fiq 3-3 V'JiLure of : v-i..M"Miiox'>ic ovolved al S-^F" w i th 
liiTic for l"he cecar joxy l rat 'on of pyruvic acid M' 
(J c h i o n a n l . n c at d-Kerent te ippera tu res 
ia 
TABLE 3.13 
T«s^eratur« of reaction vessel « 117»8**C 
V.'eight of solventdn-nitroanlllne) « Q^*0 901. 
Weight of pyruvic acid(corresponding) » 20 rol of 
CO2 at S.T.P.) • n.n79C gm. 
• •Ml iWl l lM lWl i l i !• m"m< I mi il>i II • • i i | i » — . I l l • ! )l» W m i l W l K I Will !•• in».iii> . , . . — • — - • • • , • . . - . . W W l M i • • « . . | U . « » i - . . . i « M . . i 1 , . ^ i i i « » W > » i » < i w l l l m u B I I ••! i u HI i HH <iW ' i W M W W W t W W W W I P m i W i 
Time in Vol.of CO2 evolved at 32.n**C Vol.of CO2 at i..T»P, 
minutes and 737.5 mm atm.pressure 
ml ml 
• — • ! I I f - I - lul l - 11 " T- • - - - — - 1 - i r - 1 — I B - . W i a i - I W i M X M i i i i t w r m II i > W H < i w i i . . . » — • - M H I M i> l i iiM iW •• W — i w ) * - ^ * — i ^ < P — i 
0 n,o 0.0 
0,5 1.2 1.0 
1 1.8 1.6 
1.5 2.4 2 .1 
2 3.2 2.8 
2 .5 3.9 3.4 
3 4.5 3.9 
4 5.5 4.B 
5 6 .3 5.5 
6 6.7 5.8 
7 6.8 5,9 
8 6,9 6.0 
00 6,9 6.0 
o CO 
o 
f N 
CD 
• O H 
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OJ 
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O 
CO 
CO 
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-.— en 
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CJ 
QD 
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CO 
CD 
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o 
ro 
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o 
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c 
o 
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o 
o 
u 
ex 
to 
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o 
O 
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J-, 
LL 
CO 
o 
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O 
• - j ' C\i 
o 
U3 
CM 
^ en 
-^  o 
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o 
I 
C 
ro 
o 
f= 
O 
CD 
UD 
o 
<r 
UD 
m 
rv 
m 
en CN <r CN o CN 
n3 
£ 
\'— 
rsi 
CO 
in 
D 
c 
.^— E 
c 
• ' — 
a> 
6 
-!—' 
U 
OJ 
Q. 
in 
QJ 
v_ 
J C 
• » - < 
* —-5 
L-
cu 
TJ 
n 
ro 
ijL 
]UJ'(iA~-^A) 
iVi 
T«i9p«xatur« of reaction vessel e i27.2^C 
Weight of 8olvent(fii*nitroaniline) » 60.0 gm. 
Time nt.of pyiruvic acidC corresponding l^t.of pyruvic aci(i( corresponding 
in 20 ml of CO^  at a.T,F,)«0*0790gm. 10 ml of CO2 ** ii, T. P.) •0.0395gm. 
minutes y^i^^f CQ evolved at Vol.of CO2 Vol,of CO2 evolved at Vol.of CO2 
32.60c and 742.1 mm at S.T.P. 33.00c and 741.2mm at i.>.T.P, 
ato. pressure. atm. pressure 
ml. ml. ml. ml. 
0,0 
2.2 
3.3 
4.2 
5,2 
5.7 
6.4 
7.0 
7.4 
7.8 
0.2 
8.6 «• « 
8.9 
9.5 
9.9 5,7 5.0 
0 
0 . 5 
1 
i , 5 
2 
2 . 5 
3 
3 .5 
4 
4 , 5 
5 
5 .5 
6 
7 
00 
0 .0 
2 .5 
3 .7 
4 . 6 
5 .8 
6 .6 
7 .3 
8 .0 
8, 2 
9.0 
9 . 4 
9 .9 
10.2 
iO.8 
IX. 3 
0 .0 
1.7 
2 . 0 
2 . 6 
3 . 2 
3 . 6 
4 . 1 
4 . 5 
4 . 8 
5 . 1 
0 .0 
1.1 
1.7 
2 , 2 
2 . 3 
3 . 2 
3 .6 
3 .9 
4 . 2 
4 . 5 
r y O CO 
o 
U J 
<r-~ 
<r 
8 
> 
en 
f N O 
,— ^-» 
c 
. 
c 
n 
o V— 
^ ' 
c 
1 
t 
C-
CJ 
o 
fX' 
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rsj 
o 
C3 
CO 
A Boi 
n3 
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o 
U3 
o 
CD OD 0 
E 
1 ^ 
ps) a» 
^ — -•— 
—I 
c 
fc 
OD E 
UJ 
e 
K— 
^f 
4^ 
u 
CI) 
CL 
in 
GJ 
u. 
H 
•*-' I 
u. 
OJ 
TJ 
W-
0 
i ^ ^ 
no 
CJ/ 
U-
IP I 3 
Time 
in 
tninuto0 
0 
c.s 
i 
X.& 
2 
<£• 9 
3 
3.5 
4 
4 .5 
5 
00 
TABLE 3.15 
Temperatur* of reaction vessel 
rreight of eolventCa-nitroaniline) 
li't.of pyruvic acid( corresponding 
20 ml of CO2 at i3.T,P.)«f>,C790gffl. 
Vol.of COo evolved at Vol.of CO2 
32.00c ana 742.0 nan. at S.T.P. Qtm, pressure. 
lol ml. 
0.0 
3.0 
4.8 
6.9 
7.9 
8»o 
9.7 
xr.3 
10.7 
11. JL 
11.2 
11.4 
0.0 
2.6 
4.2 
6,0 
6.9 
7.7 
a, 5 
9.0 
9.4 
9,7 
9.8 
10.0 
m 132.0®C 
» 60.0 gin. 
l?t.of pyruvic acid (corresponding 
10 C5l of CO2 a t ij.T,P.)•0,039590 
Vol. of CCb evolved at Vol. of CO2 
at 32.5*C and 74O.O0ini a t ii.T.P. 
atin. pressure. 
ml. ml. 
0.0 
1.7 
3. 2 
3.4 
5,0 
5.9 
6 ,7 
7 ,1 
7 ,5 
7.8 
8.0 
B.3 
0.0 
1.5 
2.6 
3.0 
4,4 
5 .1 
5.8 
6.2 
7.5 
6 ,3 
7.0 
7 .2 
AC 
35 - \ \ 
30;- '. \ 
, \ 
\ \ \ . 
r 
'8 
lO s: 
1 2 
1-C 
o 
ce 
OG L 
v" 
Slope:^0 90 
0 8 10 1 •2 1-/:. 
log Vco 
1-6 
(' n > ( i , t e « j 
L 
co 
o 
- i -
03 
O o 
o 
A, 601 
r J 
\ UD 
> 
r>4 o 
CO 
m 
LH [., 
CD 
c 
O 
c 
U 
o 
o 
m 
o 
A. -» 
u 
QJ 
n 
-.7 
• > 4 
. . , , 
rx. 
l O t ) 
Time 
In 
minutes 
0 
0.5 
1 
1.5 
2 
3 
4 
5 
6 
7 
8 
9 
11 
12 
15 
16 
00 
TABLE 3.16 
Temperature of reaction vessel 
'^ t'elght of solvent(m*chloroanlllne) 
Wt.of pyruvic acld(corresponding 
55 ml of CO2 at S.T. i»»)'>^.2175gm. 
Vol.of CO2 evolved at Vol.of CO2 
29.9^0 and 739.5 mm at i>.T.P, 
a tm* pressure. 
ml • ml • 
0,0 0,0 
7.2 6.3 
9.2 8 .1 
10.0 8.8 
10.8 9.5 
11.6 10.2 
« » «•> 
12.6 11.0 
"• <• 
-
13.5 11.8 
1* tm 
14.0 12.3 
14.2 12.5 
•m «• 
14.7 12.9 
16.0 14.0 
m 60**C 
w 60*0 gm. 
Wt,of pyruvic acid corresponding 
60 ml of CO2 at 5.T.P.)«0.23S9gro 
Vol 
30. 
atn 
. o f COo evolved a t Vol ,of COo 
l^C and 738.0 mm a t 6,T,k> 
u pressure. 
ml. ml. 
0.0 
9.4 
11,5 
12.3 
12,9 
13.4 
14.2 
«w 
14.8 
15.3 
«• 
16.0 
16.5 
«» 
17.2 
«> 
18.6 
0.0 
8.2 
10.1 
10.8 
11.3 
11.7 
12.4 
• 
12.9 
13.4 
mt 
14.0 
14.4 
-
15.0 
mm 
16.3 
TABLE 3.17 
11^ 7 
60®C Ten^erature of reaction vess t l 
Weight of aolventCro-chloroanillne) » ^.f^ gm. 
Time 
In 
minutes 
Wt.of pyruvic acld(corresponding 
69 ml of CO2 at o. T. i^.)-0.2570g» 
Vol,of CO2 evolved «t Vol.of CO2 
29.00c and 738.6 i»n atii.T.P, 
a tin. pressure 
o i l * GEll. 
i^'t.of pyruvic acid (corresponding 
70 ml of CO2 «t ^. T.P.)«0.2768gm. 
Vol.of CO2 evolved at Vol.of CO2 
ma 741.0 mm. 27.9<'C an* 
a tm. pressure 
ml. 
a t S.T.P. 
O i l . 
0 
0.5 
1 
1.5 
2 
3 
4 
5 
6 
7 
3 
9 
10 
11 
19 
00 
0,0 
11.2 
12. @ 
13.5 
14.3 
15.1 
16.0 
16.8 
17.4 
17.8 
19,0 
19.6 
0.0 
9.8 
11.2 
11.9 
12.6 
13.3 
14.1 
14.8 
Ml 
15.3 
15.6 
16,7 
17.2 
0.0 
11.2 
13.2 
14.1 
14.9 
16.0 
16.4 
mm 
17,3 
17,8 
18.1 
18.5 
m 
19.0 
21.1 
22.0 
0.0 
9,9 
11,7 
12.4 
13.2 
14.2 
14.5 
15.3 
15.7 
16.0 
16.4 
16.8 
18.0 
19.5 
i n s 
TABLh 3« 18 
Ten^erature of reaction ve»8«l » 60**C 
U'elght of 8olvent(m«chloxt>anlllne) » 60,0 gm. 
Height of pyruvic dcid( corresponding 75 ml of CO2 i». T.K». )«0,2967 gm. 
• • • I im III ••wKWwwunii^Mii—i.Miiiim-iiiiiniwiwN mim—wi" mwhw miiiwii wui wi.itiwM>iii» mum > m-m^m nwiwmi ir , ,^ . i«twMi.i#'ii'*i.i'Ww.i»iiiifiWw»<p»w"iii> i.n*i> • • w - • • w n w w o w Miii««iiWiiMw 
Time in Vol. of COg evolved a t 28.9% and Vol. of CO2 at a.T.P. 
minutes 739.0 mm atm. pressure 
ml. ml. 
0.0 
9 .3 
11.6 
12.7 
13,4 
14.2 
14.7 
15.4 
16.3 
17.3 
18.0 
18.7 
19.4 
20.3 
0 
0.5 
1 
1.5 
2 
2,5 
3 
4 
5 
7 
8 
9 
10 
00 
0 .0 
10.6 
X3* <£ 
14.4 
15.2 
16.1 
16.7 
17.5 
18.5 
19.6 
20.4 
21.2 
22.0 
23.1 
.J 
1.^. 
•\-L -
o 
^ 1.3 
1 ? 
1. i L^ 
1 D 
Siope = 1 '' 
1 fj 17 ! 8 
„ L -
U 
r»~ ; 1 r' r n ' f i . ^ t C S ioq V„ 
(f vjhirjT ^ in i l !no 
129 
TABLE 3.19 
Temperature of reaction vessel « es'^ C 
VTelght of solvent (m»chloroanlllne) » 60.0 gm. 
IVeight of pyruvic acid (corresponding 70 ml of CO2 a t 5, T. P,) KOSTdegm. 
Ticae in 
minutes 
C 
0 . 5 
I 
1,3 
2 
2 . 5 
3 
4 
3 
6 
7 
00 
Vol .of CO2 evolved a t 30.0^C 
and 740,0 tm attn. pressure 
ml» 
0 , 0 
1^.5 
16 .2 
18. C 
19.4 
20 ,0 
21 .0 
21 .9 
22 .6 
22 .6 
22« 8 
2 2 . 8 
Vol. of CO2 a t y. T.P, 
ml. 
0 .0 
13.6 
14 .2 
15.8 
17.0 
17.6 
18.4 
19.2 
19.8 
20 .0 
20 .0 
2 0 , 2 
> 
I 
>8 
70 
55 ' 
60 -
55 -' 
50 
^5 -' 
LO 
35 
0 1 2 3 il. 
Time in minutes 
1-8 
en 1-7 
1-6 -
1-5 
5lope:^rO 
V6 1*7 
logVoo 
1-8 
Fig.3 11 Order with respect to concentration at 65 C in 
m- chloro^ni l ine 
t i u 
TABLE 3.20 
Temperature of reaction vessel « 75^0 
Uelght of solvontdn-chloroanilln©) « 60,0 gnu 
time 
in (Qinutes 
nt«of pyruvic acid(corresponding l*t.of pyruvic acldtcorresponding 
70 ©1 of C02 at U.T.P.)B0.2768gm 60 rol of GO2 at i*. T. fc*.) «0.23S99ai» 
Vol.of COo evolved at Vol.of COg Vol.of GOo evolved at Vol.of CO2 
320c and 739.2 ram ot o.T.P. SLO^C and " - -
atr!u pressure 
740 tm a t S.T.P 
0)1 ml 
atia. pressure 
ml ml 
0 
0.3 
i 
i.3 
2 
2.3 
3 
4 
3 
6 
8 
00 
0.0 
14.9 
19,3 
21.8 
23.4 
24.3 
24.8 
25.3 
23.6 
23. a 
26.0 
26.0 
0.0 
13.0 
i6.8 
19.0 
20.4 
21.2 
21.6 
22.0 
22.3 
22.5 
22.6 
22,6 
0.0 
12,6 
17,0 
19.9 
21.3 
22.0 
22.7 
22.9 
23.3 
0.0 
11.0 
15.0 
17.4 
18.6 
19.2 
19.4 
19.8 
20.0 
20.4 
70 
65 H\ 
50 
55 
> 
I 8 US 
40 
c 
^ ^ • * - — f f i 
( 
3s L:__a. ! _L 
? 3 U 
Time iO mflutes 
1-8 
1.6 
SLope = 10 
1-G 17 
100 Vc:.^  
1-8 
/ 
Fig 3-12 Order w t h respect to concentration at 75 C in 
m- chioroanihne 
i 
TABLE 3« 2X 
%p-Tesperature of reaction vessel » 60 
iveight of «olvent(o-chloroanillne) » 60.0 gm. 
Time Lt.of pyruvic aeld(corresponding t;t.of pyruvic acld(corresponding 
In 65 ml of GO2 ** i». T,P,)af>,2570 gs, 4S ml of CO2 a t ii.T.P. )«0,1779gBi 
roinutes v^i £ QQ evolved at Vol.of CO2 Vol. of COo evolved a t Vol. of CO2 
30.6*^0 and 733.3 nan, at a.T,i>. 33.3®C and 736.0 rora. a t G.T.P, 
0 
0 . 3 
1 
1.5 
2 
2 . 3 
3 
4 
3 
6 
7 
9 
00 
atra. pressure 
ml. 
0 . 0 
9 .0 
13.0 
14.4 
15.1 
15.3 
15.8 
-
16.5 
16.9 
17.2 
17.3 
16.0 
m l . 
0 . 0 
7 ,9 
11.4 
12.6 
X 3 . «• 
13.5 
13.8 
-
14.4 
14.8 
15.0 
15.3 
15.7 
atiQ. pressure 
ml. 
0 . 0 
6 .7 
9 . 2 
10.0 
10.5 
11.0 
11.4 
11.9 
12.1 
12.4 
• 
-
12.7 
ml. 
0 .0 
5 .8 
8.0 
8 .7 
9.1 
9 .6 
9 .9 
10.4 
10,5 
10.8 
• 
-
11.1 
112 
TABtE 3.22 
Ttinpexatur* of reaction VMSOI « 60^0 
r^eight of solvont(o*chlo]ro<anlline) • 60.0 gia. 
Tine t.t.of pyruvic acicK corresponding l.t.of pyruvic acldleorrosponding 
in 70 ml of a>2 at ii.T.P.)«0*276e9in. 5» ©I of CO2 at o, T. P,) "0.2175gia. 
ffiinutos V^,I,Q£ ( ^ evolved at Vol. of COo Vol.of COo ovolved at Vol. of CO2 
32.0<*C drtd 738.5 lan. at o.T.P. 30.30C and 738.2 fis© at S.T.i'. 
atm. pressure atr^ . pressure 
ml. nil. 6)1. o l . 
0 
0 . 3 
i 
1.3 
2 
2 . 3 
3 
4 
3 
6 
7 
3 
10 
14 
20 
00 
0 . 0 
9 . 1 
13.7 
13.6 
16.4 
17.0 
17.2 
17.Tt 
18.0 
IB. 3 
• 
19.0 
19,6 
20^3 
21 .0 
2 1 . 2 
0 . 0 
7 .9 
11.9 
13.6 
14.3 
14 .8 
• 15.0 
13 .4 
15.7 
16 .1 
-
16 .3 
17.0 
17.7 
18 .3 
18.4 
0 .0 
7 . 1 
10.3 
11.7 
12 .3 
12.7 
13.0 
13 .3 
13.9 
14 .2 
14.4 
14.6 
13.0 
13 .3 
• 
13.3 
0 .0 
6 . 2 
9 . 2 
10.3 
10.8 
11 .1 
11.4 
11.8 
12 .1 
12.4 
ia.6 
12.8 
13.1 
13.4 
• 
13.6 
113 
TABL£ 3.23 
Tec^erature of reaction v©s«el • 60**C 
Ueight of 8olvent(o»chloxoanlltn©) «» 60.0 gro. 
Tlra© t^t.of pyruvic acid(corresponding r*'t.of pyruvic acid(corresponding 
in 7a oil Of C02 at S.T.P. )«0.2967 gnu 80 ml of CO2 a t i>. T. P.) «0.3i68gm. 
minutes ^^i^^f QQ evolved at Vol.of COo Vol.of COo evolved Vol.of CO, 
29.0OC and 73B.2 m, a t i».T.f, a t 30.2OC and 737.0 a t o.T.P. 
atm. pressure. mis, atin. pressure 
nsl* S)l. IBI. isl. 
0 
0 . 5 
1 
1.9 
2 
2 . 3 
3 
4 
5 
6 
7 
9 
10 
00 
0 .0 
9 . 5 
13.6 
15 .3 
16. S 
-
17 .1 
17.6 
l o . 2 
18.7 
19.0 
19.5 
«» 
2 0 . 7 
0 . 0 
8 . 3 
11.9 
13.4 
14 .3 
•• 
15.0 
15.4 
16.0 
16.4 
16.7 
17 .1 
-
iLi.2 
0 .0 
9 .6 
15.0 
17.2 
18.0 
18.7 
19.2 
19.8 
-
20 .8 
2 1 . 3 
-
21 .8 
2 2 . 1 
0 . 0 
8 .4 
13 .1 
15.0 
19.7 
16.3 
16,8 
17 .3 
«» 
18.2 
18.6 
» 
19.0 
19.3 
L 1 2 3 
l ime in minutes 
^ L 
- I I 
1 2 ^ 
I'O 
1 5 
;« 
/ 
M 
Slope = 1 -1 
1-6 17 18 1-9 
log Vco 
,o. Fig 3 13 Order wi th respect to concen t ra t i on at 60 C in 
C -ch loroaniune 
1 1 4 
TAQLe 3.24 
Ten^ftjratuxo of reaction vessel «» 6&**C 
Height of «olvent(o-chloaroantline) » 60»0 gm. 
TliB© U 
in 69 
/t.of pyruvic acici(corresponding t;t,of pyruvic acid(corresponding 
>9 ml of C02 a t :i.T.P.)«f».2570 gm 70 ml of CO2 at ii.T,l».)«0.2768gm. 
minutes yoi^^f QQ^ evolved a t VoUof COo Vol.of 002 evolved a t Vol. of COo 
32.0<3C and 739.2 mm. a t o.T.P, 32.0OC and 737.5 mm, a t S.T.P. 
0 
0.5 
i 
1.5 
2 
3 
4 
9 
3 
11 
05 
a to. pressure, 
ml. 
0 . 0 
9.7 
16.9 
18.6 
19.2 
20.0 
2P,A 
20.9 
21.4 
21.6 
21.9 
atm. pressure. 
ml. ml* 
0 .0 
6 .4 
14.7 
16.2 
16.7 
17.4 
17.8 
18.2 
ltJ.6 
18.8 
19.0 
0.0 
10.1 
17.8 
19.6 
20.9 
21.3 
21.6 
22.1 
22.8 
23.0 
23.0 
m l . 
0 .0 
8 .8 
19.5 
17,0 
17.8 
18.4 
18.8 
19.2 
19,8 
20,0 
20,0 
/ L . ' • 
.^5 •- K 
(•.C 1 
]• i: 
cn 
o 
1-2 
. / 
SI0PS::1 0 
17 8 
[OL. V, 
cu 
Tf 1 {J n r''"' 
f-iq ^ U Order w i th respect to concentrat icn at ns C n 
•'" rh loroani l ine 
1!5 
TABI^  3.25 
Temperature of reaction veesel « 75^C 
r^elght of 8olvent(o-chloroanlline) » 60.0 gm. 
Vielght of pyruvic acld(corresponding 70 ml of CO2 at 
;i.T.t».) « 0,2768 gm. 
Time in Vol. of CO2 evolved at 30.8**C Vol.of CO2 at o. T.P 
minutes and 739.3 nm, atm. pressure 
ol* sil. 
0 0.0 0,0 
0.5 16.2 14.2 
1 23.1 20,2 
1.5 25.3 22,1 
2 25.8 22.6 
3 28.2 24.7 
4 28.9 25.3 
5 29.3 25.6 
7 29.5 25.8 
8 29.7 26,0 
CO 30* 3 26.5 
'•>r\ ; 
/^ r 
-^ v t^ 
8 50 
/,5 
\ 
4. 
1-G 
^ 5 
o 
) f - > 
S i o p e - M 
t j 
(Tie ir: fT'mutes 
U ' l 
F-n 3 IS CVder with respect 1'! ccnrpn t ra t ion a! '-'S t. 
•J ch i . o r 0-Jir\ i i f^.; 
Ill] 
of concentration - time curves* The rate of th« reaction,v, 
may be related to the concentration,c» of the reactant by the 
equation 
V « k^c" 13.1) 
or log V « log k, • n log C (3.2) 
If, therefore the velocity is laeasurod at various values of 
reactant concentration, a double logarithmic plot of the 
velocity against the concentration may give a straight line. 
If so, the slope is the order, n, of the reaction with 
respect to the substance vshose concentration is being varied 
and the intercept on the log v axis is equal to log k,, the 
logarithm of specific reaction rate constant, k,. 
If the initial rates are measured at various initial 
concentrations that is at various initial concentrations the 
tangents are drawn at the begining of each reaction, the 
negative of the slope of each of IJiese vdll represent the 
initial rate corresponcing to a particular initial concentration 
taken. On plotting the logarithms of these rates against 
the logarithms of corresponding initial concentrations, one 
can calculate the order of the reaction, n, from the slope of 
the straight line obtained. The order thus determined is 
referred as the *order with respect to concentration * or the 
*true order*. This procedure of dealing with the initial rates 
1 1 ? 
avoid* po6sibl« cos^lleationt du« to th« int«rf*zttnc« by 
products, and l«ads to «n oxdor which corxotpondt to th« 
sii«>I«tt typo of situation. 
Furthormoro, considoring « singlo run of tho 
oxporiment and moaturing tho slopes at various timss, 
corresponding to a nus^ bor of valuas of tho roactant 
concentrations, ona can again plot the logarlthits of the 
rates against the logarithms of corresponding reactant 
concentrations. The slope «»ill be the **order with respect 
to time'* since time i s not a variable. 
The above two differential methods were applied to 
the data reported in Table 3.1-3,25. The representative 
plots used for each solvent, to calculate the order with 
respect to concentration and order with respect to time a t 
different tesfteratures are shown in Fig.3.4*3.13 and the 
results obtained are summarised in Table 3.26. 
TABLi 3.26 
Order of the decarboxylation reaction with respect to 
pyruvic acid concentration in different organic solvents. 
Solvent Temperature Order Average value 
( ^ ) of the order 
m*rtttroanlllne 
•<ChlosoaAlline 
0»Chl«ioanlllne 
117,0 
127.2 
132.6 
6&*0 
6I&.0 f9f»o 
66. d 
65,0 
7^.0 
0.9 
1.0 
0«« 
1.1 
1.0 
1»6 
1.0 
1,0 
1.1 
0.9; 
1,0 
1.1 
l i s 
A p«ni6«l of th« Tabl« 3.26 thowt that th« oxdtr 
with r«tp«et to (pyruvic acid) cone«ntr«tion,irx«sptctiv» 
of tht solvent* if unity i^il« the order with respect to 
time, viz. for m*Nltroaniline shown in Fig.3.5,3.7 and 3.9, 
i s greater than unity. The fact that the order with respect 
to time i s greater than the order with respect to concen-
tration Means that, as the reaction proceeds, the rate fal ls 
off fRueh iBore rapidly than i t would do i f the true order 
appliied to the time course of the reaction. This neans that 
the intermediates or products In the reaction are acting as 
inhibitors. 
2t i s therefore concluded that the overall nechanisn 
for the decarboxylation of pyruvic acid i s con^plicated by 
the intermediate and the reaction products formed. However, 
the order with respect to concentration as calculated from 
the in i t ia l rates at different in i t ia l concentrations of 
the acid, avoids the possible complications due to the 
interference by the products and clearly indicates that the 
thermal decarboxylation of pyruvic acid i s of pseudo f irs t 
order as has been observed In case of other o<*ketoacids?*^ 
In view of the fact that the in i t ia l thermal decomposition 
of the pyruvic acid i s of pseudo f irs t order, as has been 
phmmtmi for the ethev o<.*|[«te adds, an attempt has been made 
-from 
to cattulate the rate constants.the Intercepts on the log v 
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axis of th« plots, log ir v«z«iis I09 C, (vqutttion 3*2). Th« 
valu«t of th« x-itt contt«ntt thus obt«ln«d for «11 tho 
thro solvents at dlffsrsnt t«iT9>sr«tur«s Mf sunmarlsed 
bslow In Tabls 3.27. 
TABLE 3.27 
Apparent first oxdsr rats constants for ths decarboxylation 
of pyruvic acid in diffsrsnt crganic solvents. 
Solvent 
»-Hitroaniline 
si*Chl orea ni 1 ine 
0»Chloroaniline 
Tesqf»exature 
117.8 
127.2 
132.0 
60.0 
65.0 
75.0 
60.0 
65.0 
75.0 
Apparent First Order 
rate constant 
kixlO*^ win** 
7.24 
22.91 
38.02 
9.55 
20.25 
49.90 
7.24 
13.21 
25.23 
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Tabln 3,27 thowt th«t th« r«t« of d»c.«rboxyl«tlon of 
pyruvic acid in ffi-ehloxoanilln« at • given t^np^zatur* i t 
f«tt*£ than that in th« aolvant o»chleroanllln«, Tha 
ar«action in •mitx-oanilinei i t much tlowtr than found in 
»*chlozoanillnc. Thtta ratultt hava bean axplalnad balow in 
tazmt of ealculatad tharmodynanic paxanataxt* Tha data of 
tha Tabla 3.27 wara utad to calculata tha Arrhanius 
activation anergy from tha tlopa of tha plott of log k. 
varsut l/T (Fig. 3.16)in tha thraa solventt utad. Tha valuat 
of the rata conttantt (Tabla 3.27) and tha activation anargy 
so obtained }0»x§ utad to calculata tha gyring thajmodynaraic 
paramatart using tha relation 
or 
k « ^ . AS*/H ^. A H W (3.4) 
It I 
where AfjAS,4< AH are free energy of activation, entropy 
of activation and* enthalpy of activation, and tha raaultt 
are tumiaritad in Table 3.28. 
2-C 
1-5 h 
1 2 
Q-li 
0-0 
m-chloroaniline 
0 -chloroanii i 
m -nitroaniiine 
J L , „ •—J ™ ™ _ ^ ™ L 
2^ 25 26 27 28 29 30 
1x10^ 
Fig.316 Arrhenius plot for activation energy. 
M\ 
TABLE 3.28 
Activation f>aram«t«rt for th« d«c«3ri9oxYlatlon of pyruvic acid 
In dlffartnt organic aolvanta. 
— g 2:0 j f T — - — j ^ — 
(iDcal/Kiola) (Kcal/iiiola)(Kcal/iiola) ( • .u . / «o l e ) Solvent pKb 
fli-Nltro anil l o t 11.4 
««<;hloroanlllna 10.04 
0-Chloroanlllna 12.05 
37.19 
26 .41 
21.70 
36.40 
25 .73 
21.07 
24.75*^ 
24 .03 * 
23 .84* 
•»• 29.20 
+ 4 .98 
- 8.16 
0 valua calculat«d at 127.2^0; valua calculatad at 6n^C 
H perusal of abovt tabic shows that tha enthalpy of activation, 
AH , and entropy of activation, AS , decreases in order of n-nitro-
a n i l i n e ^ n*chloroaniline > o*chloroaniline. As wi l l be seen in the 
discussion below, the thermal decarboxylation of pyruvic acid In the 
solvents reported above could well be explained by a blmolecular 
substitution neohanisro, involving the rate determining step, the 
electrophil ic polarized carbonyl carbon atom of the carbonyl group of 
the acid uniting with the unshared pair of electrons on the nucleophilie 
nitrogen atoM In the ••Ivent nucleus, as shown below in case of 
Mochloroaniline • • the solvent. 
r c ; ^ ^ CI 0 
II 
M^ 
* CH^ • OOON 
m^mo ^ 0^2 
^ il^ji^luiyt>tta'^»^!n f 
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Kow*vttr, th« rwultt art «l»o Indicative that in th» »olv«nt 
•i*nitro«nillnt, loniiatlon of th« acid t«k«t pl«c* and tha 
•alon undairgoaa dacaxboxylatlon through tha formation of an 
activatad complax which closely raiamblea to that of tha 
unlonixad acid* 
I t Mould ba obsarvad from tha data xaportad in 
Tabla 3.28 that, for tha dacarboxylatlon of pyruvic acid, ziH* 
dacreai<it with dacraaaa In tha dialactric constant of tha 
tolvant, a result indicativa of tha involvamfint of tha anion 
of the acid in tha rate detarffiinlng step, because the lota 
of a proton in the formation of an anion will increase the 
electron density on the oxygen of earboxylate residue thus 
decreasing the effective positive charge on the polarized 
carbonyl carbon atom, leading to a weakening of attraction 
between the nucleophilie solvent a»lecule and the substrate. 
However, i t would be in line to report that tha anion of the 
pyruvic acid wrtis experiaientally observed to decompose in 
o->ehloroaniline and m»chloroaniline with negligible speed 
than that of the pyruvic acid under sindlar experimental 
conditions. Furthermore, the reported pKu values in the above 
t 
table do not fall in line with the observed AH values in 
these solvents to lead to any specific conclusion regarding 
tha involvement of the anion in the reaction mechanism. ¥•! 
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1 
txiapl*, m-chleroanilin** pK^^ 10,04, gives « AH valu* of 
25.73 Kcal/nol* as compsrsd to th« loss basic si-nltxoanlllno, 
pKjj i i , 4 , and AH 36.40 Kcal/molo, If th« anion Is involvod, 
ont would, thtrsforo, sxpsct tht AH valus grsatsr In 
iifchloxoanlllns than In m-nltroanlllns btcauso of tho decrsass 
of tho sfftctivs positivs chargs on ths polarized carbonyl 
carbon atoai of ths substrata in aora basic solvant. Howavtr, 
th« ralatlvsly largax valus of enthalpy of activation observed 
in solvent tt-nltroanlline as conpared to other two solvents, 
indicate a greater probability of the involvement of anion in 
the rate detenslning step. This i s further supported by 
comparison of the observed values of enthalpy of activation 
to that the values reported for malonlc ^i^nd oxanilic acid by 
6 t 
Other workers. • 
If we confine our attention, f irst of a l l , to 
ii»chloroaniline and o-chloroaniline, i t will be noted in 
Table 3.28 that the enthalpy of activation for the reaction 
i s higher in »-chloro«filllfie than in o-chloroaniline and the 
entropy of activation alto decreases in the same order. The 
effect of presence of the halogen at different position of 
the aromatic ring of the solvent can be explained In terms of 
negative inductive l*!) effect, which withdraw* electrons 
from the nitrogen, and an eleetromerlc (-M) effect, which 
fiirnithts electrons to the nitrogen, or both* Since ^H fov 
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la-chloxoanlllne 1« 9r«ateir than that for o>chloro«nllin«. 
I t •••nt likely that tha •<•£ affact la oparativa in tha 
prasvfit caaa. With a chlorlna In ortho poaltlon tha affact 
would ba atrongar than that In meta poaltlon. In linB with 
tha observed AH vatuaa. Since the value of the AS la 
a measure of relative complexity of the activated complex, 
an Increaaa In the alze or aterle hlnderance of either 
solute or the solvent will bring about a decrease In AS 
and vlce^versa. As expected the aterle hlnderance will be 
greater In case of o-chloroanlllne than In n-chloroaniline, 
1 
the decrease in the observed AS values on going from 
ffi-chloroanlllne to o-ehloroanlline la also In line. 
Table 3.29 con^area the present thermodynamic data 
with that of malenlc acid rt^ported by Clark In the same 
soIventa. 
TABLE 3.29 
Oawparlaon of kinetic data obtained for the decarboxylation 
of pyjpuvif afid with that of malonlc acid reported by Clark. 
Solvant Pyruvic AclJ Malonlc Acid* 
AH* A9r An* ^sr 
(Kcal/mol«)<^'<^/M>le)(Keal/mola) (^<i4/mola) 
iR*Chloroanillne 25.73 44.98 26.61 -6,30 
o*Chloroanlline 2X.07 -S.i6 26.58 -6.93 
*dat« takan from J. i>liya. Cham., j ^ , 79 (1958) 
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I t i s lnt«rt»tln9 to not« that th« pr«s«nt r«8ultt «r« 
r«naxk«ibly In agr««n«nt with that of nalonic acid fox «vhich 
a binolacular nachanian of ainilar kind, aa proposad in tha 
praaent work, involving an unionixad substrata inolecula»has 
boon atablishad. I t i s tharafora concludad that in thasa 
two solvanta, tha daeaxboxylation of pyruvic acid involvaa 
tha unionizad acid molacula. 
I t is intarasting to nota that AH for tha solvant 
n-nitroanilina i s mich graatar than that in the solvant 
n-chloroanilina iTabla 3.28). Thia can ba vary wall explainad 
by considering tha -I affact of tha nitxo group aa conparad 
to that of chloride group and th9 raaonanca structure of 
m«nitroaniline, ^ince the nitro group exhibits a larger -I 
effect than the chloride group, the presence of the nitro 
group will have an effect to reduce the nuclaophilicity of 
tha nitrogen atoai af the aolvent with a consequent increase in 
the AH value. Siaiilarly, considering the raaonanca 
structure of Monitroaniline the *f^H group will have a lass 
negative charge in iii*nitroaniliiie than in icchloroanilina. 
This will also load to an increase in AH value in 
flk^nitroaniline. 
The linear relationship between AH* and A» for tha 
4a«Mb»xylation of pyruvic acid in thasa thraa solvents i s 
10 20 
As'^le.u/mole) 
Fig.3-17 Enthalpy-entropy of activation plot for the decarboxilation 
of pyruvic acid along with the data of dark reproduced for 
oxanilic acid and malonic acid. 
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9)io«m in Fig. 3,17. For eompftrlson purposes» tho d«t« of Cl«rk 
on iMlonlc and oxanilic acid havt also b««n ztproductd In tho 
samo figuro and rtportod in Tablo 3.3D, 
Th« validity of tho obsorvod llnoar r«latlonthip betwoon 
onthalpy and ontropy of activation has boon chockod on tha 
basis of Potorson's^^ mathomatlcal intorprstation, 
± T»T ( l*o<)k |T 
H* 4 S «t R r^TTY ^" ( i « o<iic T»' • • • • ^^'^^ 
and S « ft-|?Jflnir~ •••• (3.6) 
± 
whoxo S i s fltaxiimira possible orzoir In AH and oi i s tho maxlRum 
possiblo fractional trror in k(and kj^ )^ noasurod at two dlfforont 
tonporaturos T(and T'^ , assuming a MaxiMini fractional orror in 
tho zato oonstant to bo 0.10. Tho naxlniMi possiblo orzor in 
t t 
AH turns out to bo 3.0 Kcal/nolo, for tho rango of Z^ H valuos 
fzofi 2i.07»^«40 Koal/nolo. Tho slops of tho lino for pyruvic 
••&< in ft9»l»J^7« indie«ting tho isokinotlc tsnporaturo, COMOS 
out to l&« 4 . t i %» St io intorosting to noto that isokinetic 
tonpovftt^vo of Iti*^ obtoinod in tho prosont work conos out to bo 
alnoft tho sami • • Hbtvinod by Clark in easo of malonie acid 
and oxonilie aoi^t Plw^oaMoro, i t i s intorosting to noto that 
lino I«II and ZXZ in fifktfti? aro alisost parallol and tho froo 
onoify of octivatloAf • t tho iookinotie toisporaturo. 
1 2 i s 
obt«in*d from th* Inttzcopt of isokinetic te(np*x«tuxt l int 
on tht x«ro tntropy of activation «xl», for pyruvic acid i t 
•nailer ( AFl • 24.2 Kcal/raola) than that in cat* of 
± 
iialonic t AFJ » 28.7 Kcal/niola) and oxanilic acid I AF^ "31.0 
Kcal/aiola ) . This Indieatas l^at tha reaction for pyruvic 
acid i t faster at itokinetie tenperature, but the nechanitn 
of decarboxylation i t similar to that of nalonic acid and 
oxanilic acid. 
I t has been proposed by Clark that in basic organic 
solvents, the high value of AH* in case of oxanilic acid 
i s a clear indication of the involvement of anion of the 
acid for foimation of the activated complex but the mechanisn 
of decarboxylation of the acid and that of i t s anion remaining 
the sane. A comparison of our high AH value in case of 
A-nitroaniline, as the solvent* alto tuggettt the involvement 
of anion at that in •xanilic acid. 
I t it» therefore, concluded that the decarboxylation 
of pyruvic acid, like any other o< and/S-ketoacid, taket place 
thvougH a binolecular nechanitii. The rate determining ttep 
of IHit raaetion involvet the coordination of the polarized 
electrophilic carbonyl carbon aton of the acid with an 
untharad pair of electrons on a nucleophilie atoai of the 
solvwit* In solvents 0- and n" chloroanlline, the unionized 
acid Mlccule and in solvent n-nitsoaniline, ionized acid 
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iBoltcuI* «z« involved in the rate d«t*c»inin9 6t«p. 
At ha« already been nentloned earlier that the 
intermediate and the products formed in the course of the 
reaction increase complexity in the overall mechanism 
with a subsequent stablishment of the equilibrium. The 
equilibrium constant values were calculated In all the 
three solvents in terms of total pressure, P, for the 
overall reaction 
CH3CO COOH '^ '""^  CH3CHO • COj 
using the relation 
K« -—:= ~ — X P ,,.. (3.7) 
a 2 . X 2 
o *e 
where X^ Is the equilibrium value of the volume of carbon-
dioxide evolved corren^ondinf te the initial concentration, 
a^, of the acid taken U n terms of the volume of CO2). Bie 
calculated values ef the equilibrium constants *T9 shown 
in Table 3.3X-3. $3. 
A perusal of the above tables clearly indicate the 
stablishment of the equilibrium due to the involvement of 
the products in the cturse of the reaction. However, in the 
li^ht of insuffieient data and the existence of heterofeneeus 
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TABLE 3.31 
Equilibrium constant for th« decarboxylation of pyruvic acid 
in n*Nitroaniline. 
Temperature • 127.2*C 
Average atmoapherie pressure, P • 0.9734 atn. 
Initial concentration Equilibrium value Equilibriun constant 
of i^yruvlc acid intexms of volvwe of v2 
of volume of carbondioxide carbondioxide K • «• ^- x P 
evolved a* - X^2 
nl nl atinosphere 
40 18.7 0,27 
30 15.0 0.32 
20 9.9 0.32 
10 5.0 0.32 
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TABLE 3.32 
Equlllbrlun constant fox thf d«caxboxyl«tlon of pyruvic acid 
in M-ChloxoAnlline* 
Te«p«ratux« • 60**C 
Avtrag* atinofph«ric prtttus*, i' « 0*9736 •tn* 
Init ial conc«ntz«tlon iqulllbrliMi value Equllibxluiii constant 
of pyruvic acid in tarns of voluna of X 2 
of voliMBe of carbondloxlcjla carbondioxlda K * • '^ ' ' x P 
•volvad a2 - x^2 
ml nl atnosphaxa 
4» 12.1 0.076 
SO 13.8 0.080 
55 14.0 0,067 
60 16.3 0.078 
65 17.2 0.073 
70 19.5 0.082 
75 20.3 0.071 
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TASLE 3,33 
idqulllluriun contt«nt for tht d«carboxylAtlon of pyruvic acid 
in o-Chloro«nllin«. 
TaiRptratura « 60^ C 
Avftr«9« atmotphtrle prctsura, i* • 0.9716 «t«. 
Init ial concentration 
of pyruvic acid in 
terns of voluma of 
carbondioxida 
ml 
Equilibrium valut of Equilibriun conatant 
voluna of carbon* X 2 
dioxida avolvad K » ^' - x P 
al a^2 - K.2 
o a 
atmoaphtra. 
45 
50 
55 
65 
TO 
75 
80 
II. i 
12.8 
13.6 
15.7 
18.4 
18.2 
19.3 
0.063 
0.068 
0.063 
0.060 
0.072 
0.061 
0.060 
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phattt in th« tysten, no ii<tchanltai foe th« ov«r«II cofi»pl«x 
r««ction du« to th« Involvement of the products, could b« 
st«bllch«d. It Is, howevsr, wozthtwhlle to atntlon that, 
except fo£ a short initial period of decarboxylation of 
pyruvic acid in the three solvents studied, the reaction 
follows to a good approximation the rate equation for the 
opposing reaction 
B • C 
" - liul-y*) ^<"> '""ijx^ -*g ) "•' •••• (3.8) 
The respective plots are shown in Fig. 3.18-3.20, 
where »J,»XQ and X are calculated in »ole/liter of pyruvic 
acid, frosi initial asiount of the acid taken and volume of 
CO2 evolved at various intervals of time respectively. 
01 6 
•4--' 
C 
0) 
£ 
Volume of CO2 expected theoretically j 
from initial concentration of pyruvic acid. / 
I-AOml 
log 
0-6 0-8 10 
aniXo-x) 
Fig.3-18 Plots for opposing reaction of decarboxylation of 
pyruvic acid in m-ni t roani l ine at )21-2°C. 
Volume of CO2 expected theoritically 
from initial concentration of pyruvic acid 
I - ^5m l 
I I - 5 0 m l 
III- 60ml 
IV-70ml 
log 
0-8 1-2 1-6 
SQ '^ e * ^ '^o~'^e 
20 
aode-^) 
Fig.3-19 Plots for opposing reaction of decarboxylation 
of pyruvic acid in m-chloroanil ine at 60 C. 
20 
Sl6 
C 
E 
.E12 
E 
8 
0 
Volume of CO2 expected theoretically 
from initial concentration of pyruvic acid 
I - 5 0 m l 
II-60ml 
II[-75ml 
IV- 80ml 
Fig. 3-20 Plots for opposing reaction of decarboxylation 
of pyruvic acid in 0-chloroanil ine at 60 C. 
13* 
3.5 EErERENGES 
1. S. Doonan in Th« Ch»mistxy of Carboxylic /^cids ftnd 
Est«rf (Ed. i>.Fatal) t Xnt«rtci«nc« i'ubllthart, 
N«w York, 1969. Chap. 18. 
2. L.W, Claxk, J. Phys. ChMi., ^ , 180 (1961), 
3. L.W. Clark, i b i d . , ifeS, 572 (1961). 
4. L.W. Clark, i b i d . , ^ , 659 (1961), 
5. L.W. Clark, i b i d . , §&» 1460 (1961). 
6. L.W. Clark, i b i d , , 62», 2271 (1961). 
7. L.W. Clark, i b i d . , 66, 1543 (1962). 
8. Ann. 1876, Iga. 336| 1877, iSU, 321t Bar., 1381, JA. 
90{ 1883, iSr2357 , 
9. Kuaal, Bar., 1887. 2£t» 2249, 
10. Ibid , , p. 277. 
11. V. Millar and Lattanmayar, ibid, 1891, ^ , 1918. 
12. Ibid. 1908, 4tX, 38841 1909, 42t 4072. 
13. J. Am. Chaw. Soc., 44, 1307 (1923). 
14. J.H. Van't Hoff, *&tudaa da dynaniqua chiniqua,* 
p.87, F.Mullar and Co««>any, /^stardam, 1884. 
15. il.C. i^ataraan, J.H.Markfraf and i>.0. Roaa, J. Am. 
Cham. £»oe., M, 3819 (1961). 
• • • • 
13J 
OiAPTER 4 
OXIDATIVE DECARBOXYLATION OF PYRUVATE ION BY A L K A U ? « 
HEXACYANOFEHftATEt I I I ) ION 
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4.1 pmutanmY REMARKS 
pyruvate undtzgo«« « varltty of oxidative dttcarboxy-
latiofi 7««ctionsof fundain«iit«l biological importanco, to ylaldt 
acatata or mora uaually, ati aatar of acetic addr In tho 
Kraba* tarlcarboxylic acid cycla? for Inatanca pyxuvata raacta 
with aulphydryl group of eoanzyna A (Co ASH) to forra acatyl 
coantyma A (Co ASCOCH^), ralaating carbondioxida. Tha raactlon 
nay ba ragaxdad aa mn oxldativa dacarboxylation of pyruvatai 
tha two alactrona xamovad in tha procaaa may be accepted by 
one of the phoaphopyxldine mjcleotidea {Dk'H or B'N) or other 
acceptora Including carbondioxida i taelf in l^ch nay be reduced 
to formate ion. Stunpf^ in 1947, iaolated a fraction fron a 
*multlenxyne conplex* v^ ftich oxidiaed pyruvate to acetate and 
carbondioxida In preaenee of oxidialng agents of rather high 
oxidation potential, such as ferricyanlde and 2,6*dichloxo-
phenol indophenol* 
The kinetlea and nechaniSM of the oxidative decarboxy-
lation ©f pyruvic acid by Ce**, Co**, HjO^ and nanganic pyro-
phosphate hat been reported by different authorsf*^Fyruvic acid on 
•xlilatiofi with theaa oxidising agenta invariably produces acetic 
acid and caibondioxide as the reaction producU. The aechanissi 
i3r 
setnt to involv* in nott of th« cat«i, th» foxaation of a fret 
radical at an inttxmtcjllatt. In tht prtttnt chapttr, tht 
resultt on klnttlct and mtehanitn of tht oxidation of pyruvatt 
anion by alkalint htxacyanoftratt(III) ion hat bttn dttcribtd. 
I t hat bttn obttrvtd that tht rtaction i t of tinplt kinttic 
ordtr, tubjtct to tht provito that tht molar concentration of 
tht pyruvatt ion i t far grtattr than that tht molar conctn-
tration of ferrlcyanide in a given reaction. 
In the oxidation reduction reactionsferrlcyanide acta at 
a tiflftple electron withdrawing reagent. It i t often kept in the 
d a t a of tht oxidising agentt con^riting of cerlc tulphatt 
aRHnonlcal t l lvtr nitrate, Fehllng't solution and alkalint 
permanganate solution, in all of i^ich the oxidising species 
i s a coi^plex, one electron abstracting ion. 
F»(CN)|* • e ^ Fe(CN)J'' 
MnO^ " • e > MnoJ* 
^inet the tytttii 
fttd'* FtCGM>|" r r ^ Ox** Ft(CN)J' 
iiivolvtt ont tlectron txantftr, frtt radicals art tht 
pxttbablt InttftitdiAtta in tht oxidation of organic conpounds 
by p«t«ttliii ftsricyanidt. The oxidation of tht phtnolt. 
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aldthyd«» and k«ton«t by alkslln* f«rriey«nid« hav« b««n 
Mhom by dlfftr«nt workart^*^^ to Involve fr«« radicali at 
int«x«i»diattf. 
I t if worthnihlla to mantion that Speckman and Watart^^ 
in thair studiaa on tha kinttica of oxidation of thxaa 
aldahydaa (propandl, n*butandl and iaobutandi)» four katonaa 
(dimtthyl, diethyl, diaopzopyl and athyl nathyl ketonaa) and 
t¥*o nitroparaffina (nitroathana and 2-nitropropana) by 
alkalina farricyanlda in various nixturaa of [fararicyanidt] / 
[farrocyanldiD ratio, obaarvad that th«ra v»as no effect of the 
in i t ia l ferrocyanide concentration upon the reaction rate. 
Further they observed that except in case of n^butanctl, the 
in i t ia l rate of oxidation was proportional to the hydroxyl ion 
coneentration of the solution, vtiiilst in nost of the cases, 
the reaction order vdth respect to organic substrate «vas alao 
unity, the reaction order with respect to ferricyanida was 
hawavert fouiii to be variable. The reaction was of zero order 
far laiilitttaiiiyL* of f irst order at low concentration but 
tandiiiff to *^m «t liigher concentration for n-butancLl and 
diatliylkatofia antf af f irs t order with respect to propan^, 
ethyl nathyl kat»na, diiaopropyl ketone and 2*nitropropana. 
With acetone and i^tfoathana, i t was of f i rs t order at low 
conaantxation »f faxri^yanida but became second order at higher 
1 3 ft 
conc«ntratlon£. Conttqucntly th«s« author* reported that no 
slngla •laetron It regularly Involved In the rate controlling 
prooeat. 
In the present chapter the results of the kinetic study 
of the rate of oxidation of sodium pyruvate have been described 
under the experimental conditions, that the siolar concentration 
of the pyruvate ion i s far greater than that the nolar 
concentration of ferrlcyanlde ion in a given reaction. I t i s 
found that the order of the reaction with respect to each 
r^actant (ferxlcyanlde ion, pyruvate ion and hydroxy! ion) i s 
unity. The rate expression can be written as 
. - -—fi « k [Fe(CN)f J [CHJCO COO J LOH J 
where k Is the specific third order rate constant of the 
reaction. An attenfat has been made to il lucidate the 
reaction nechanlsn fron a l l experinentally observed facts 
described below. 
4.2 KATSflXALS mPLOYEO 
Sddiu» pyruvate obtained fron Soehringer Ingelheiis, 
Gersiany was iretryttalliaed by dissolving in the aiiniaiuii 
amount of deienised doubly dist i l led water. The a<|ueout 
selution thus obtained eras gently poured, drepwlse, in a beaker 
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containing purified ethyl alcohol. KJhite crystal* of todiun 
pyruvate thus settled at the bottom of the alcohol beaker, were 
filtered and dried at room temperature and then in vacuum. The 
recrystallised sodium pyruvate so obtained was stored in a dark 
bottle kept in vacuum over anhydrous calcium chloride. An 
appropriate solution of the salt In water wis made by direct 
weighing* Fresh solutions W4»re always taken to run the kinetic 
experiment. 
i\ll other chemicals used, potassium ferricyanide,potassium 
ferrocyanlde, potassium chloride sodium chloride, sodium acetate, 
sodium oxalate and sodium hydroxide were of B.O.H., AnalaK grade 
and used vdthout further purification. 
Fresh solutions of ferrlcyanlde, made by direct weighing, 
were always taken for each experiment, otock solution of 
sodium hydroxide In distilled water were made by usuel standard 
method by titrating against standard oxalic acid. 
4.3 STUDY OF THE PKOGRESS OF THE REACUOH 
The solution of ferrlcyanlde along with the adjustable 
quantity of sodium hydroxide and requisite quantity of potassium 
chloride for maintaining the ionic strength was taken in a 100 ml. 
round bottom flask, coated black from outside to avoid any photo-
chemical reaction, and kept in a thermostat which maintains 
1 4 1 
the t«!^eratur« at a constant vulut «rithin s, f),02^C» Th* 
solution of sodium pyruvatt was taktn in anothsr vssssl and 
leapt saparataly in th» sans tharmostat. 
When tht raaetants had attained the dasirad taii^aratura, 
reaction was startad by sucking out tha raquirad quantity of 
tha pyxuvata solution and pouring i t into tha solution of 
ferricyanida. Tha time of start of tha reaction was noted 
with tha help of a stop-watch i^ich was started after half of 
the solution of sodiuai pyruvate had passed out of the pipette* 
rhe progress of the reaction was followed colorinetri-
cally by determining the anount of the ferxicyanide consumed 
at different intervals of tine with the uae of a Bausch and 
Lonb, i»pectronic'-20 spectrophotometer. A known aliquotdO nl) 
of the reaction nixture was wi^drawn with a pipette and 
poured into • cuvette, kept at the aan* tenperature as that of 
the reaction. Hie scale reading of the absorbance was quickly 
taken and the concentration of the ferricyanida lef t was 
computed fra» concentration abaoxbance graph. The values of 
the reaction rate constants in al l the cases were finally 
expressed in terns of minr^ 
The spectra of potassiuai ferricyanida and potaasiuM 
ferrocyanide show strong absorption in the ultraviolet region. 
However* whereaa tha ferrocyanide has only negligible absorption 
above 37i mji • ferricyanida has strong band at about 4i9 m^^? 
0-00 
300 340 380 420 460 
Wave length in m JJ. 
500 
Ffg.A-1 Absorption spectra of ferricyanide 
solutions. 
0-28 -
0-2^ -
0-20 h 
O) 
u 
c 
-Q 
o 
en 
< 
0-15 
0,12 
0-08 -
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i:K3Fe(CN)5]x10^ M 
Fig-A-2 Beer's plot to compute the concentration of ferricyanide 
consumed at different intervals of time in the course of 
the reaction. 
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At thin wavelength (415 n u) which was utilised for analytical 
purposes, solutions of potassium ferricyanide obeyed Beer*s law 
in the concentration range the kinetic experiments are reported 
here. Fig. 4.1 and 4.2 respectively show the absorption maxima 
observed in ferricyanide solution and the Beer's plot used to 
compute the concentration of the ferricyanide consumed at 
different Intervals of time In the course of the reaction.Sodium 
pyruvate and its oxidation products in the present case, viz., 
oxalic acid and acetic acid also do not show any detactable 
absorbance at the amximum wavelength of 415 m u. A perusal of 
Fig.4.2 clearly indicates that the Beer's law is obeyed through-
out the concentration range of ferricyanide amployed in the 
present investigations. 
The reaction between ferricyanide and sodium pyruvate 
is comparatively a slow one. The oxidation of the keto acid 
is however greatly accelerated in presence of sodium hydroxide 
and proceeds with a measurable speed. The concentration 
of sodium hydroxide has to be kept greater than O.IM and the 
essential feature of the reaction is that the sodium pyruvate 
should be almost ten fold greater in molar concentration 
than that of the ferricyanide used. If the concentration 
of the ferricyanide is equal to or greater than the 
pyruvate concentration, it was observed that the reaction 
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nixtur* d«v«lop« • bluish gr«tn coloration with obvious 
foxastlon of « coiq>I«x« This was further confirmed with 
tht disappsarancs of tht absorbanca maxina at 4X5 muas 
shoim in Fig 4 .3 . However i t must be nentioned that no such 
ef fect of complex formation and s h i f t of the absorbance 
maxima was observed «iien ferricyanide concentration waa kept 
ten fold less than that of the pyruvate anion. I t i s 
therefore concluded, under the condition that the ferricyanide 
concentration i s much less than the pyruvate concentration, 
in alkaline medium, the oxidative decarboxylation of the 
pyruvate ion takes place smoothly *nd i s of simple kinetic 
order without any side complications of coiiqp>lex fomaation. 
All the data reported therefore, are under above mentioned 
s t r i c t concentration l imitations. 
4.4 DETfiRMlNAnON OF IHE OHDEB OF IHE HE^TION 
fhe oxidation of sodium pyruvate In basic aqueous f err l -
cyanide solution has been investi9ated kinet iea l ly at constant 
ionic stxenfth under the condition that the molar concentration 
of fevpleyanlde vemalnt almost ten fold l e s s than that of 
pyruvate concentration in the reaction mixture. Our measurements 
coverinf a wide concentration and temperature range,confirm 
that this reaction ia s t r i c t l y f i r s t order with respect to each 
reactanttunder eonditlont used. 
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ICHgCOCOON*! m 4.0xiO"^M 
[N*OH] « 0. 3M 
TABLE 4 . i 
T«n|»«r«tuz« « 35 C 
Tint in 
nlnuttt 
/ybtorbanc* Conetntratlon ef 
F«(CN)|* contuinvd 
Pt*udo f i r s t order rat* 
constant 
k X 10^ 
mini - i 
0 
2 
4 
7 
10 
13 
It 
i 9 
25 
30 
m 
0.11 
0.10 
0,09 
0.08 
0.07 
0,06 
0.05 
0.04 
0,03 
0.02 
0 ,0 
0 .0 
0.10 
0.18 
0.28 
0.37 
0,46 
0.55 
0.64 
0.73 
0.62 
1.00 
4.77 
5.02 
4.55 
4.52 
4.66 
4.93 
d. 92 
5.20 
5.68 
Avsra9t k (txelvdlng ths last valut) • 4. SVxlO'^ln"^ 
TABLE 4.2 
45 
IkgFtCCN)^ 
IpHgCOCOONt) « 4.0XX0*''M 
» 0.3 M 
Tfln^«r«tur« • 35 C 
/I • 0.31 M 
Tin« In 
minutes 
0 
2 
4 
6 
10 
15 
20 
25 
30 
40 
50 
m 
• 
^torbanct 
0.16 
0.15 
0.14 
0.13 
0.11 
0.10 
o.os 
0.06 
0,05 
0.04 
0.03 
0.0 
Concentration of 
F«(CN)|''contu«td 
X 10^ *4 
0.0 
0.09 
0.18 
0.27 
0.46 
0.55 
0.73 
0,91 
1,00 
1.09 
1.19 
1.46 
Psaudo first order rate 
constant 
k X 10^ 
«in~i 
*NI 
3.22 
3. 34 
3.46 
3.75 
3.13 
3.47 
3.92 
3* So 
3.46 
3.35 
Average k -3.50 x 10*^ lain*^ 
l U 
TABLE 4 . 3 
• 2.0xK)**tt 
IgMgCOCOONi] . 4 .0x10**% 
JNaOH] » 0.3M 
T w p « r « t u r * « 35**C 
u • O.SiM 
Tlro« in 
minutM 
n 
4 
10 
15 
20 
25 
30 
40 
45 
55 
0 0 
Absoxbanc* 
0.22 
0.19 
0.16 
0.14 
0,11 
0.09 
0.07 
0.05 
0.03 
0,02 
0,0 
Conctntratlon of 
F«( CN) |*contuiB»d 
X lO^ M 
0.0 
0.27 
0.55 
0.73 
1.00 
1.18 
1.37 
1.55 
1.73 
1.82 
2,00 
Pstudo f i r s t oxd«r rat t 
constant 
k X 10^ 
min"* 
• 
3.66 
3.18 
3.01 
3.47 
3.67 
3,82 
3,70 
4,43 
4,36 
<•» 
Avaraga k (axcludlng last t«»o valuaa) • 3.50xl0"^in*^ 
h? 
TABLE 4 . 4 
ICHgCOCOONi] 4.0x10"^ 
0.3M 
T«i|>«r«tuz* « 35^c 
0.3iM 
Tlm« in 
nlnutM 
0 
4 
8 
12 
X6 
20 
30 
40 
50 
70 
QO 
Abtorl>«nc« 
0.275 
0.23 
0.21 
0.18 
0.16 
0.14 
0.09 
0.05 
0.03 
0.02 
0.0 
Cone•ntzatIon of 
F«(CNl 
X 
i^ *contujRO(i 
lO^ M 
0.0 
0.35 
0.59 
0.86 
1.04 
1.22 
1.68 
2.05 
2.22 
2.30 
2.50 
Ps«udo f i r s t ordor rat* 
constant 
k X 102 
» l n - l 
«• 
3.92 
3.37 
3.53 
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3.36 
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rh« ord«r with 7«tp«et to f«rxlcy«nidt WM dtttcrmlntd 
by diffor«ntial i&tthod •xpl«in«d In chapttz 3« from the 
actual in i t ia l xattt of tha raactlon, at dattzninad by 
naasuring tha tlopaa of concantration tima curvaa and alao 
fr<HB tha Intagration nathod using tha formula 
t ^^^ (a"-x) 
o 
«^«ra a la tha in i t ia l concantration of tha f«rricyanida 
and X, tha amount conaumad at tima t. Tabla 4.1*4.4 contain 
tha data obtained with varying concentration of faxrlcyanlda 
Init ial ly taken, at constant sodium pyruvate and sodium 
hydroxide concentration keeping tha ionic strength constant 
atyu equal to 0*31M. I t will be seen that tha value of tha 
paaude flrat order rate constant, column 4, i s fairly constant 
in each table indicating tha reaction i s of f irst order with 
respect to farrlcyanida ion. A representative plot for the 
piaudo firat order reaction ia ahown in Fig 4.4. 
Using tti« differential method 
v » k G** 
where v la the Initial rate, C, the initial concentration of 
tha raaetant and n, the otdar of the reaction, tha valuaa of 
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th* pt«udo f i x t t ozd«x rat* contt«nt8 w«re calculat«d and ar« 
givtn in Tabl« 4,5* eolunn 3. 
TABLE 4.5 
[CHjCOCOONa] • 4.0 X lO'^ M Taraparatur* » 35*^ 0 
[NaC»{l • 0.3M yu • 0.31M 
[Fa(CN)^] Paaudo f i r s t ordar I n i t i a l rata constant 
X iD^ M '*^« conitant . ^ ^^2 ^^^.l 
k X 10^ Bin** * 
1.0 4.89 4.76 
i.46 3.50 4.54 
2.0 3.50 4.44 
2.5 3.61 4.28 
Tha unit alopa in tha plot log v against log [/a(CN)|~J, 
Fig 4.9, whan othar paranatars ara constant, givas tha « 
initial ordar with raspact to farrieyanida. thus it is 
Goneludad that tha ordar with raspact to tha farrieyanida 
ion is unity and tha rata dapands on tha first powar of tha 
canaantration of tha farrieyanida ion throughout tha coursa 
af tha raaetion. It can alao ba saan (Tabla 4.5, coluan 3) 
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TABLE 4 . 6 
IpHgCOCOONt] 
IkaOH] 
• 2 . 0 X 1 0 * ^ 
• 2 . 0 X 10"*M 
« 0*3M 
T«^pftr«tur« 35**C 
0.31M 
Tin* in 
Bilnutts 
0 
2 
5 
10 
15 
20 
30 
40 
60 
90 
m 
Absorbanct 
0,22 
0.21 
0.20 
0.18 
0.17 
0.16 
0.13 
0,11 
0»©t 
0.04 
0.0 
Cone«ntTation of 
F •( CN) |*co n»uii«d 
X 10*»* 
0,0 
0,10 
0.18 
0.36 
0.45 
0.55 
0.82 
1.00 
1,36 
1*64 
2.00 
Pf«udo f i r s t ordtx rat t 
constant 
k X 10^ 
win"* 
-
2.33 
1.91 
2.00 
1.72 
1.59 
1.75 
1,73 
1.91 
2.13 
<• 
Avs7a0s k (sxeluiint fi»st ^i»i and ths last valwa) • i.77xiO*^iiln*^ 
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TABLE 4 . 7 
fcHgCOCOON^ « 4 . 0 X 10"^M 
BCgFtlCN)^] » 2 . 0 X 1D**M 
[N»0HD • 0.3M 
T««p«ratux« » 35^0 
yu •« 0.31M 
Tin* in 
nlnutet 
0 
a 
AO 
i5 
20 
25 
30 
40 
50 
60 
00 
Abtorbanc« 
0.22 
0.19 
0.A6 
0.14 
0.11 
0.09 
0.07 
O.OI!^  
0.03 
0.02 
0.0 
Concentration of 
F«(CN}|*con«un«<i 
X lO^ M 
0.0 
0.27 
0.55 
0.73 
1.00 
1.20 
*• 3* 
liiS'1^ 
i.Ti 
l.»t 
2.00 
P««u(io f i r s t oxd«r x«tt 
constant 
k X 10^ 
» l n - i 
• 
2.93 
3. IB 
3.01 
3.46 
3.57 
3. §2 
3»70 
3.98 
4.00 
• • > 
Avorago k » 3.40 x 1©*^ •in*^ 
15 2 
{CHgCOCOONlU 
DCgFtCCN)^] 
[NfOHl 
• 6 .0 
• 2 .0 
« 0.3M 
Tint in Abtoxbanc* 
mlnutfls 
0 
4 
6 
8 
10 
15 
20 
2& 
30 
50 
€0 
0 .22 
0 ,18 
0 . i 6 
0 .15 
0 .14 
0 .10 
0 .08 
0 .06 
0 .045 
0 . 0 1 
0 . 0 
• 
X lO" 
X 10" 
I 
rABL 
"3M 
-^ M 
•E 4 . 8 ^ 
Conc«nt3r«tlon o f 
Fe(CN)|'"contunied 
X 10*M 
0 . 0 
0.36 
0.55 
0.64 
0.73 
1.10 
1.27 
1.46 
1.60 
1.91 
2.00 
T<»p«]r«tur« H 35^0 
u • 0.3JU4 
Pteudo f i r s t ordtr rat* 
constant 
k X 10^ 
itln-i-
«• 
5.01 
5.31 
4.79 
4.52 
5.26 
5,06 
5.20 
5.29 
6.18 
«> 
AvsMf* k (•xeludlng th* last valwa) • 5.06x10*^ laln*^ 
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TABLE 4.9 
Jjcm^COCOOHii] • 8.0 X iO'^M Tt«ptr«turf • 35®C 
OCgFtiCN)^ • 2xlO"*M u mO.Zm 
JNaOH] • 0.3M 
Tlffl« in 
ffiinutts 
0 
2 
4 
6 
8 
10 
id 
22 
30 
35 
00 
Abtorbanc* 
0.22 
0.19 
0.17 
0.15 
0,13 
0,115 
0.08 
0.05 
0.03 
0.02 
0 .0 
Conctntratlon of 
F«(CN}|''contuii«d 
X lO^ M 
0.0 
0.27 
0.45 
0.64 
0.82 
0.96 
1.27 
1.55 
1.73 
1.86 
2.00 
Pt«udo f i r s t ordtx rat« 
constant 
k X 10^ 
iitn"i 
•» 
7.32 
6.45 
6.38 
6.58 
6.49 
6.59 
6.73 
6.64 
6.85 
mt 
Avtragt k (axeludlnf tha f i w t valua) • 6.59 x 10*^ wln*^ 
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that the values of the Initial first order rate constant 
are also practically constant, as should be expected* 
Saaifiy with H*fpfgt T? j^yyvyat* Jtgn^ 
A number of runs with ten to fourty fold excess of 
pyruvate ion as con^ared to the constant ferricyanide concen-
tration, keeping sodium hydroxide and ionic strength constant, 
i^ere studied, A plot of log Fe(CN)^* against tirae yielded a 
straight l ine for each run (Fig 4 , 6 ) , as expected from the 
f i r s t order dependence of the rate on ferricyanide concen-
tration. The experimi^ntal data along with the calculated 
value of pseudo f i r s t order rate constants are given in 
Table 4.6*4.9. The constancy of the rate constant values are 
well reflected from column 4 in each table. The valuers of the 
rate constants obtained above are summarised in Table 4.10. 
TABLE 4.10 
[KgFetCN)^! » a.OxlO"^*! TerH>»r«ture • 3S°C 
[N«0H3 » 0. aM /I » 0.31M 
[CH3CO COO~J 
X lO^ M 
2.0 
4,0 
6.0 
8.0 
Pseudo f i r s t order 
rate constant 
k X 10^ min"^ 
1.77 
3.40 
5.06 
6.59 
k/ LCH 3C0 COO"3 
8.89 
8.50 
8.43 
8.24 
0 0-2 0-/. 0-6 0-8 1-0 
3+logCCH3COCOO~] 
Fig.Z».7 Order with respect to pyruvate ion. 
When th« logaxithns of th« valutt of th« rat« constants» 
given in Tabls 4*10, ««ir« ploted against the logazithsis of 
the corresponding concentrations of the pyruvate ion, a 
straight line having a slope of 1.0 was obtained as shoim in 
Fig 4,7. Since In the variation of sodiun pyruvate, the 
concentration of the ferricyanide ion along with the other 
parameters of the reaction, renains constant the slope give* 
the order with respect to the pyruvate ion. Furtheztnore the 
third column in Table 4.10 shows the values of k^ /^ ICHgCO CCX)"3 
and are practically the sane, indicating the first*order 
dependeiice of ^ e reaction rate on pyruvate ion concentration. 
It is therefore, concluded that the order with respect to the 
pyruvate ion is unity. 
As the concentration of sodium hydroxide increases in the 
reaction Mixture, the velocity Uie reaction increases and vice-
versa. This is evident from Table 4.11-4.15 in Kwhich the 
concentration of sodium hydroxide ranges from 0.2-0.4M. Below 
this range, the reaction becomes extrmnely slow. 
1 5 6V 
[Kgi 
JNiOH] 
F«(CN)^ 
ICKgCOCOON*! 
» 0. 
m 2 . 
m 4. 
Tin* in >U>sorb«nc« 
nlnuttt 
0 
3 
6 
9 
10 
15 
21 
27 
33 
3^ 
m 
0 ,22 
0 .19 
0 ,16 
0 .14 
0 . 1 3 
0 . 1 1 
0 .09 
0 ,07 
0 . 0 5 
0 ,04 
0 . 0 
20M 
0 
0 
X 
X 
TABLE 4 . 1 1 
« 
10-*M 
10*% 
Concentration of 
F . ( C N ) | - c . n « i . . d 
X 10*M 
0 . 0 
0 .27 
0 .55 
0 . 7 3 
0 ,82 
1.00 
1,20 
1,36 
1.55 
1.64 
2 .00 
rMip«r«turt * 35^C 
JA m 0.41M 
Pttudo f i r s t ord«r r«t« 
constant 
k X 10^ 
mln-i 
• 
4 .88 
5 .31 
5 .02 
4 .38 
4 .62 
4 .37 
4 .24 
4 .49 
4 .37 
-
Avtriga k » 4.6$ x 10** mitC^ 
1 5 7 
TABLE 4.12 
tpHgCOCOONa) 
0.25M 
2.0xiO"*M 
T«inp*x«tur« - 35**C 
m 0.4JLM 
Tlm« in 
minutM 
0 
4 
8 
12 
16 
2C 
24 
30 
00 
Absorbanc* 
0 .22 
n . i e 
0 , 1 3 
0 . 1 1 
0 .09 
0 .07 
0 ,06 
0 .04 
0 , 0 
Conc«ntxation of 
F«(CN)|'" conauflitd 
X lO^M 
0.0 
0 .36 
0 .82 
1.00 
1.20 
1.36 
1.46 
1.64 
2 .00 
Psaudo f i r s t ord«r rata 
constant A 
k X 10^ 
•110-1 
«• 
5.01 
6.58 
5,77 
5 .73 
5 .73 
5 .42 
5.68 
-
Avaragt k » 5.68 x 10"^ «in"*^ 
II) S 
[NaOHl m 0. 
m 2. 
K 4a 
Time In Absorbanc* 
iiilnut«« 
0 
2 
4 
6 
8 
10 
12 
16 
20 
24 
30 
0 0 
\ 
0.22 
0 .19 
0 .17 
0 ,14 
0 .12 
0 .11 
0 .10 
0 .08 
0 .06 
0 , 0 $ 
0 . 0 3 
0 . 0 
30M 
0 
0 
» 
TABLE A 
X lO-'**! 
X 10" ^ M 
k l 3 
Toapozaturo » 35^C 
Conctntx«tion of 
FO(CN)^ consuntd 
X 10*M 
0 .0 
0.27 
0.45 
0.73 
0.91 
1.00 
1.10 
1.27 
1.46 
1.55 
1.73 
2.00 
ja m 0.41M 
Ptoudo f i r s t ordor rato 
constant ^ 
k X 10*^  
rein'"* 
«» 
7.32 
6.45 
7,53 
7.58 
6.93 
6,57 
6.32 
6.48 
6.18 
6.64 
<• 
Avsrago k » 6.80 x 10*^ isln"^ 
io.fi 
[NIOHJ 
D<3F«(CN)^ 
[pHgCOCOONiJ 
m 
-
IS 
Tin* In Ab«orb«nc« 
ninutts 
0 
4 
6 
8 
10 
12 
14 
16 
18 
20 
00 
0.22 
0 .15 
0 .12 
0 . 1 1 
0 .09 
0 .08 
0 .07 
0 ,06 
0 . 0 5 
0 .04 
0 . 0 
0. 35M 
2.0x10 
4.0x10 
TABL£ 4. 
"*M 
"•3« 
14 
T«np«ratur* • 35**C 
Concentration of 
Fe( CN) |*Gonsuiii«d 
xlO^M 
0.0 
0 .64 
0 . 9 1 
1.00 
1.20 
1.27 
1.36 
1.46 
1.55 
1.64 
2 .00 
Al m 0.41M 
Ptcudo f i r s t ordor rat« 
constant » 
k X 10-^  
oiin"i 
-
9 .57 
10.10 
8 .67 
9 .17 
8 .43 
9 ,74 
8 .12 
6 .23 
8 .53 
.» 
Avartgt k (axcludlnf first two valyts) • 8.70xl0''^i»iln'^ 
16\) 
TABLE 4 . 1 5 
&aOH] 
^HgCOCOONa] 
m 0.40M 
« 2.0xlO'*^M 
m 4,0x10"% 
Ttfflt>«r«tur« » 3SrC 
ja m 0.41M 
Tiffi* in 
minuttt 
0 
S 
7 
9 
11 
13 
15 
17 
19 
00 
Abfiorbanco 
0 .22 
0 .13 
0 .10 
0 .09 
0 .07 
0 .06 
0 . 0 5 
0 .04 
0 . 0 3 
0 . 0 
Conctntz«tion of 
Ftt(CN)^ consua«d 
xlO^M 
0,0 
0 .82 
1.09 
1.20 
1.36 
1.46 
i -54 
1.64 
1.73 
2.00 
Fseudo f i z t t order r«t« 
constant ^ 
k X lO'^  
Bin-A 
*m 
10.5 
11 .3 
10 .2 
10.4 
10.0 
10.0 
10.0 
10.5 
Avtragt k (axeludlng tacond valua) • 10.1x10"^ mln'^ 
'c 
^ o ir>o CNO 
CO Ln o c^ ^ ^ 
^ <r LDco c o o 
X ' ^ 
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o 
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A nuB)b«s of cunt with <llff*r«nt eonc«ntr«tlont of 
sodium hydroxldt, kooplng ftrxleyanido, sodium pyxuvato 
«nd ionic strength constant w«r« studied at 35^ C« A plot 
of I09 [K^FOCCN)^} against tliss, t , yl«ld«d a straight 
lin« for aach run (Flg,4.8) as axpaettd from the f i i t t 
ordar dapandanca of tha rata on hydroxyl ion coneantration. 
Tha values of tha rata constants obtainad abova (Tabla 4. li« 
4.X5) ara summarisad in Tabla 4»16. 
TASLK 4.16 
[KgFaiCN)^ ! • 2.0xlO*^M Tsaipsratura « 35*C 
ICHgCOCOONa]-4.0x10"^ ;U « 0.41M 
foH-J 
M 
0.20 
0,29 
o,ys 
T'.as 
'^ .4^ ^ 
V»9u49 f i r s t axdar 
rata constant 
kxiO* iiifi*^ 
4.6a 
9.^9 
6.ac 
8.70 
i O . l 
k/COM-J 
0,23 
0.23 
0.23 
0.25 
0 . 2 i 
0-2 0-3 0-^ 0-5 D-6 
UlogCOH"] 
Fig.^-9 Order with respect to hydroxyl ion. 
\6i 
Wh«n tht values of th« logarithms of ths rats constants, 
givsn In Tabls 4.16, wars plotsd against ths logarithms of 
the corresponding concentrations of the hydroxyl Ion, a 
straight line having a slope of 1.X was obtained as shown 
in Fig 4*9* iiince in the variation of sodltwt hydroxide, the 
concentration of the ferricyanide ion along with the other 
parameters of the reaction remains constant, the slope of 
the line (Fig 4*9) gives the order with respect to the 
hydroxyl Ion. Furthermore, the third column in Table 4.16 
shows that the values of k|/[pH""J practically remain the same, 
indicating the f irst order dependence of the reaction rate on 
hydzoxyl Ion concentration* I t i s , therefore, concluded that 
the order with respect to the hydroxyl ion Is unity. 
4.5 DETIJCTION OF THE END PRODUCTS 
:Xn alkaline medium pyruvate ion which undergoes 
enollzation might be attaek<Ki at cK^posltlon as observed 
with most of the aldehydes and ketones. Such an attack might 
result finally in the formation of the oxalate Ion. Xt Is 
reported that the oxidation of pyruvate ion in alkaline 
medium with permanganate Ion yields oxalic (80^) and acetic 
(205K) aclds.^* 
An attempt was made to detect the end products,supposed 
to be acetic acid and oxalic acid, by usual spot test method^^ 
described below. 
t63 
Th« reaction mixture, aft«r th« reaction was coaplata, 
was haatad with an axcesa of xinc nitrata and filtarad.Tha 
fi ltrata gave a nautral aolution, a drop of which «vaa nixad 
with a drop of farric chlorida aolution on a topt plata* A 
red brown complex of ferric acetate appeared indicating the 
the preaence of acetate ion in the reaction mixture. 
A drop of Iti hydrochloric acid and a granule of zinc 
were added to one drop of the neutral reaction mixture* The 
unuaed zinc waa reisoved after five minutat and a drop of 
frethly prepared }% phenyl'»hydrazlne chloride aolution waa 
mixed with the reaction mixture and the apot plate was kept 
in oven at iiO^ for five mlnutea. On cooling* a drop of 
concentrated hydrochloric acid and a drop of 3P( hydrogen* 
peroxide were added, after waiting for five minutes a pink 
colouration was developed indicating the presence of oxalic 
acid anion in the reaction mixture. 
4.4 D£TfiCTION OF FHM£ RADICALS 
The oxidation of sodium pyruvate was carried out in 
presansa of a l i t t l e amount of vinylcyanide. The viacosity of 
tha reaction mixture waa noted to increase aa the reaction 
proceeded. After about ten minutes had paaaed, the polymer 
waa clearly visible. With sodium pyruvate absent, no pelymer 
was formsd. the lAitecsd polymeriaation of vinyl cyanide i s 
16'. 
•n indication of the foxnation of fx99 xadicals during 
the course of the reaction. 
4 .7 EFrliCT OF VARIAHON OF CONCENTHATION OP THE 
RH/CTION PRODUCTS 
I t was observed that at any given temperature, the 
reaction products potassium ferrocyanide, Fe(CN )^ , sodium 
acetate, CH^ COONa, and sodium oxalate, ICOO)^ ^* ^o not 
appreciably alter the veloci ty of the reaction at a given 
constant concentration of ferricyanlde Ion, pyruvate ion, 
hydroxyl ion and ionic strength. Consequently i t was 
concluded that these ions of the final products do not take 
part in the slow rate determining step of the reaction 
mechanism. 
4 .8 . EFFHCT OF VARIAHON OF IONIC STRENGTH UPON THE 
RE^TION VELOCITY 
The following Tables 4.17-4.27 contain the record of 
the e)q>eriments carried out with potassium chloride,sodium 
chloride and ammonium chloride as the added neutral e lec tro-
ly tes . I t wi l l be observed that as the ionic strength of 
the medium Increases, the ve loc i ty of the reaction increases 
in ease of sodium and potassium chloride while ammonium chloride 
decreases the reaction veloci ty . 
16,^ 
TABLE 4 .17 
Qcci] 
IcHgCOCOONa) 
iNaOH] 
« 0.05M 
• 2.0xlO*'*M 
• 4.0xlO"^M 
m 0.3M 
T«B$>*r«turt » 35 C 
Ai • 0.35&M 
Tin* in 
nlnute* 
0 
5 
10 
15 
20 
25 
30 
45 
00 
Absorbancft 
0.22 
0.16 
0.13 
0.10 
0.08 
0.06 
0.04 
0.02 
0.0 
Concentration of 
F«(CN)|*conium«d 
xlO^M 
0.0 
C.95 
0.82 
1.09 
1.27 
1.46 
1.64 
1.82 
2.00 
Ps«udo f i r s t ordar rata 
constant ^ 
k X 10-^ 
Bjin"* 
«» 
6.37 
5.26 
5.25 
5.06 
5.20 
5.68 
5.33 
«» 
Avaraga k (axeluding tha first valua) • 5.31x10*^ ailn"^ 
16« 
DC3 
[KCl] 
,Ft(CN)^ 
(CHjCOCOON*] 
1 [NaOH] 
» 0. 
» 2 . 
«t 4 , 
« 0 , 
TABLE 4 .16 
lOM TM)p*r«turt » 35**C 
0x10 "*M 
OxlO*^M 
w^K 
Tin* in Abtorbance Conc«ntr«tion of 
leinutei F«(CN}f*CQntini«d 
0 
3 
5 
7 
10 
X» 
20 
2» 
35 
do 
Av« X«f» ll (•: 
0 .22 
0 .17 
0 .15 
0 .14 
0 . 1 1 
0 .08 
0 .06 
0 .04 
0 .02 
0 . 0 
xclucllfig 
xlO^M 
0 . 0 
0 .4S 
0 .64 
0 . 7 3 
1.00 
1.27 
1.46 
1.64 
1.82 
2.00 
\ f i X t t two VftlUft) m 
Ji m 0,405'^ 
Pfoudo f i r s t ordtr r«to 
k X 10''' constant 
roln**-^ 
«» 
3.60 
7 .66 
6 .46 
6.93 
6 .74 
6.50 
6 .82 
6 .65 
-
6 . 7 i x l 0 ' ^ i n * ^ 
167 
Bel] 
[:CH3C0C00Ni] 
iNaOH] 
0. 
2. 
4, 
TABLE 
,15M 
,OxlO"^M 
,OxlO"^M 
4 . 19 
T«inp«r4itur« 
y" 
. 
« 
35**C 
0.451 
« 0.3M 
Tin* in 
mlmjtvt 
0 
5 
10 
12 
15 
18 
21 
25 
00 
Abtorbanc« 
0 .22 
0 .145 
0 .10 
0 .09 
0 .07 
0 .05 
0 .04 
0 . 0 3 
0 . 0 
Concttntr«tion of 
F*lCN)|-con«u»td 
xlO^M 
0 .0 
0 .68 
1.09 
1.20 
1.36 
1.54 
1.64 
1.73 
2 .00 
Pt«udo f i r s t oxdtr xat« 
cont tant ^ 
k X 10-* 
rain* 
. 
8 .53 
7 .88 
7.64 
7.64 
8 .17 
8 .12 
8 .06 
Av«3fi9t k « 8.00 X 10 ' • i n * 
les 
TABLE 4.20 
[CHgCOCOONa] 
DitOHj 
« 0.40M 
» 2.0x10 "^ M 
- 4.0xiO"^M 
« 0.3M 
TMif)tr«tur« « 35 C 
• 0.705M /• 
Tlmt in 
ifilnut«s 
0 
2 
4 
5 
8 
10 
12 
15 
00 
Absorbanc« 
0.22 
0.16 
0.11 
0.10 
0.06 
0.05 
0»04 
0.02 
0.0 
Concentration of 
FeCCN)!" consuii«<dl 
xlO*M 
0.0 
0.55 
1.00 
1.09 
1.46 
1.54 
1.64 
l . t 2 
2.60 
Pstudo f i r s t order rato 
constant ^ 
k X 10-^  
min"^ 
«» 
15.93 
17.33 
15. r7 
16.27 
14,82 
14.21 
15.99 
tM» 
Avtrag* k (axcludifif tha t«c«nd valua) • 15.50x10*^ nln*^ 
I G O 
TABLE 4.2X 
[NaCl] 
[KgFttCN)^ 
gllOH] 
« 0. lOM 
e 4.0xlO*^M 
» 0.3M 
T«fRp«xatur« "• 35 C 
u * 0.405M 
Tl»» i n 
minutes 
0 
2 
4 
6 
10 
16 
20 
25 
30 
40 
09 
Abterbanc* 
0 .22 
C.20 
0 .18 
0.16 
0 .14 
0 , 1 1 
0 .08 
0 .06 
0 .04 
0 . 0 3 
0 ,0 
Concentration of 
Fe(CN)|*contUB»eil 
xlO^M 
0.0 
0 .18 
0 .36 
0 .55 
0 .73 
1.00 
1.27 
1.46 
1.64 
1.73 
2 .00 
P««udo f i r s t order r a t e 
cons t s n t ^ 
k X lO'' 
min"^ 
-
5.47 
5 .01 
5 .31 
4 . 5 2 
4 . 6 2 
5 .06 
5 .20 
5 .68 
4 .98 
A v . r . , . k . 9.09«10-2 I n " ^ 
1 7 t ) 
TABLE 4 .22 
BiaCl] 
glHgCOCOONa] 
[NaOH] 
» 0.20M 
- 2.0xlO~^M 
« 4.0xlO"^M 
« 0.3M 
T«ipcr«tur« 
Tine in 
minutes 
0 
9 
8 
Xi 
14 
17 
20 
30 
35 
00 
« 
Abtorb«nc« 
0.22 
0.16 
0,13 
0 .11 
0.09 
0.07 
0.06 
0.03 
0.02 
0.0 
Concentration of 
Fe(CN)|'*contumed 
xlO^^ M 
0.0 
0.55 
0.82 
1.00 
1.20 
1.36 
1.46 
1.73 
1.62 
2.00 
Pteudo f i « t order r a t e 
constant ^ 
k X 10^ 
mln"* 
«• 
6.37 
6.58 
6.30 
6.34 
6.74 
6.50 
6.64 
6.85 
Average k • 6.54x10*2 siin"^ 
1 7 1 
TABLE 4 ,23 
[CHgCOCOONt) 
iNiOH] 
0.30M 
2.0xlO*^M 
4.0x10"% 
0.3M 
Tcffipexatur* «• 35 C 
Tint in 
Mlnut«t 
0 
4 
8 
12 
16 
20 
24 
28 
00 
Absorbanc* 
0.22 
0.55 
0.11 
0.08 
0.06 
0.04 
0,03 
0.02 
0.0 
Conc#ntration of 
3» 
F«(CH)^ consuiBed 
xiO^W 
0.0 
0.59 
1.00 
1.27 
1.46 
1.69 
1.73 
1.62 
2.00 
P»«udo f i r s t order rat* 
constant ^ 
k X 10-* 
mln*-^  
«» 
0.75 
8.67 
8.43 
8.12 
8.52 
6.35 
8,57 
<• 
Ayav«9t Ic • 8 . 4 8 x 10*^ isln"^ 
Hi 
CN«CI] 
ECHgCOCOONi] 
[NaOH] 
Tin* 
inlnu 
0 
2 
4 
6 
8 
10 
12 
14 
l i 
« • 
• 0. ' ^ « 3 P V 
" 2.0x10" 
• 4.0x10* 
m 0.3M 
in Abtorbancd 
0.22 
0.17 
0.14 
0.11 
0.09 
0.07 
0.06 
0«04» 
0«OS 
0»G 
TABL£ 4.24 
.3^ 
Ta^paraturt 
Concentration of 
Ft(CN)|*consu»cd 
xlO^M 
0.0 
0.4& 
0.73 
1.00 
1.20 
1.36 
1.4» 
1.60 
1.73 
2.00 
/ • 
» 35**C 
« 0.75W 
Ptaudo f irat ordaz rata 
conatant ^ 
k X 10^ 
fflln"! 
«•» 
12.60 
11.30 
11. d5 
11.17 
11.46 
10.82 
11.33 
11.13 
«•» 
Avaraga k • 11.42x10"^ ailn"^ 
17 .1 
DPW^CI] 
CCHgCOCOONa/ 
m 
at 
m 
Tint in Abiorbanc 
ttinutcs 
0 
10 
20 
30 
40 
50 
60 
70 
0 0 
0.22 
0.17 
0.14 
0.11 
0.08 
0.06 
0.05 
0,03 
0 ,0 
0, 
TABLE 
lOM 
2.0xl0"^M 
4,0xi0*'^M 
0,3M 
',9 
4.25 
Ttapcratux* 
/ * 
Conctntration of 
Fe(CN} I'eonsufiad 
xlO^M 
0 .0 
0 .45 
0 .73 
1.00 
1.27 
1,46 
1,55 
1.73 
2 ,00 
- 35®C 
• 0«405M 
Ptcudo f irst ordtr rata 
com tant ^ 
k X 10^ 
nin" 
• 
2.58 
2.03 
2.16 
2.53 
2,60 
2.47 
2.85 
«» 
Avtraga k • 2.46x10*^ aiin""^ 
TABLE 4 . 2 6 
I 7 i 
LNH4C1] 
[CHgCOCOONa] 
iNaOH] 
0.15M 
2.0xlO'^M 
4.0xlO*^M 
0.3M 
Ttfl|>«r«tur« m 35 C 
J* m 0.455M 
Tlin« In 
nlnutts 
0 
xo 
20 
30 
40 
50 
60 
7» 
100 
m 
Absorbanc« 
0.22 
0 . i 9 
0.15 
0.13 
0.11 
0.09 
0,07 
0.0$ 
0.03 
0*0 
Conc«ntxation of 
Ft(CN)|''contua«d 
xl0*M 
0.0 
0.27 
0.64 
0.82 
1.00 
1.20 
1.36 
1.55 
1.73 
2.00 
Pttudo f i r s t osder rat* 
constant ^ 
k X 10-^  
mln* 
• 
1.46 
1.76 
1.75 
1.73 
1.79 
1.91 
1.98 
1.99 
« 
Avsfsgt k « 1.79 X 10** mln*^ 
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TABLE 4 . z f 
jCHgCOCOONa] 
[NiOH] 
0.20M 
2.0xiD"*M 
4.0xlO"^M 
0.3M 
TM^«xatur* * 35 C 
^ • 0.505M 
Time in 
mlnut«s 
0 
10 
20 
30 
40 
60 
80 
100 
120 
iSO 
200 
«o 
i^so£banc« 
0 .22 
0 .20 
0 .18 
0 .16 
0 .15 
0 ,13 
0 . 1 1 
0 .09 
0 .07 
0 .05 
0 . 0 3 
0 . 0 
Conetntratlon of 
F«(CN)|''con«uai«d 
xio"*** 
0 .0 
0 .18 
0 .36 
0 .55 
0 .64 
0 .82 
1.00 
1.20 
1.36 
1.55 
1.73 
2 .00 
Pseudo f i r s t order r a t t 
c o n t t t n t ^ 
k X 10^ 
tm 
0 .95 
1.00 
1.06 
0 .96 
0 ,88 
0 ,87 
0 .89 
0 .95 
0 .99 
0 .99 
4 » 
AvM«9« k • 0 . 9 5 X 10*^ nlfi*^ 
1 7 l j 
[KgF.CCN)^! 
feHgCOCOONa] 
iNaOH] 
S a l t 
KCl 
NaCl 
NH^Cl 
•r 
• 
m 
TABLE 
2.0x10' •<M 
4.0xlO"^M 
0 , 3 M 
s a l t 
concantratlon 
M 
0 ,05 
0 .10 
0 .15 
0 .40 
0.10 
0 .20 
0 .30 
0 . 4 5 
0 .10 
0 , 1 5 
0 ,20 
4 .28 
i o n i c 
strength 
M 
0.355 
0 .405 
0 .455 
0 .705 
0 .405 
0 .505 
0 .605 
0 .755 
0 ,405 
0 ,455 
0 .S05 
Tamper a tura » 35**C 
Faaudo f i r s t order 
1 rate constant 
kxlO^ 
inin*A 
5 .31 
6 .71 
8.00 
15.50 
5.09 
6 .54 
8 .48 
11.42 
2 .46 
1.79 
0 ,95 
\ tVv 
"'Ox \ 
^ \ ) 
i_. - , 1 1 
-
-
O f 
r/. 
\ ^4 
\ ^ / 
^ Q «*^  0 
\W/ 
L 
U1 
o 
CNI 
CD 
c 
o 
(D CN 00 O 
00 
CD 
O 
Up 
CD 
I D 
O 
v j 
CD 
k-
(U 
• • - ' 
;:;;^ 
cu 
o 
E 
c 
~^ 
5L 
-> 
sz 4 - ' 
en 
c 
c 
X ) 
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o 
(U 
o 
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A pttrusal of th« abovt takl^ t shows that th« chang* 
In Ionic strength by the addition of neutral electrolyte* 
changes the reaction rate. The salt effect i s positive in 
case of sodium and potassium chloride studied but negative 
in case of ammonium chloride. The results of Table A. i7-»4.27 
are suomarlsed in Table 4.28. 
I t can be seen from Table 4.28 that for the same ionic 
strengths potassium Ions have a iBore pronounced effect on 
the rate of the reaction than the sodium ions. Salt effect 
i s also sho«m in Fig 4.10. 
4.9 MEASUREMENT OF ACTIVAHON ENERGY 
In the next series of experiments the overall 
activation energy of the reaction between alkaline ferrl-
cyanlde ion and pyruvate ion was determined by measuring the 
values of pseudo f irst order rate constant, k, at different 
tsflRperatures and plotting leg k against 1/1* The following 
Tables 4.29*4.33 contain the results of the experiments 
carried out at different ten^eratures, keeping the concen-
tration of ferrisyanlde ion, pyruvate ion and Ionic strength 
constant. 
The results relating to the effect of tea^erature variation 
on the reaction velocity are suM&arlsed in Table 4.34. 
17S 
TABLE 4 . 2 9 
COIgCOCOONt] 
m 2.0xlO"*M 
• 4 . 0 x 1 0 * ^ 
« 0.20M 
35®C Ttiiiptr«tur« 
TiBi« in 
nlnutet 
0 
5 
XO 
IS 
25 
30 
SO 
70 
100 
i20 
00 
/vbtorbance 
0.22 
0.20 
0.195 
0.18 
0,155 
0.14 
0.10 
0.07 
0.05 
0.03 
0,0 
Concentration of 
F*(CN)|"'contUR«d 
xlO^M 
0.0 
0.18 
0,22 
0.36 
0.59 
0.73 
1.09 
1.36 
1.55 
1.73 
2.00 
Pstudo f i r s t order rato 
constant ^ 
k X 10*^  
lain"^ 
a> 
1.91 
1.21 
1.34 
1,40 
1.51 
1.58 
1.64 
1.48 
1.66 
-
Avtraga k » 1.52 x 10*^ «ln*^ 
i ; i ) 
JkgFtlCH)^ i^ 
IpHjCOCOONa) 
[N«OH] 
Tln« in 
niinut«t 
0 
10 
20 
30 
40 
SO 
60 
70 
60 
90 
00 
• 2,0xX0' 
• 4,0xi0' 
m 0.20M 
Abtoxtoanct 
0.22 
O.iS 
0.15 
0.12 
0.09 
0.07 
0.05 
0.04 
0»03 
o»ot 
0.0 
TABLE 
- ^ « 
-3M 
4.30 
T«i^tratur« 
Concvntration of 
Ft(CN)|*coniUi»«d 
xlO^M 
0.0 
0.36 
0.64 
0.91 
1*20 
1.36 
1.54 
1.64 
1,73 
1,92 
2.00 
/ * 
• 40**C 
• 0.205M 
Pscudo f i r s t ord«x rat t 
conttant ^ 
k X 10** 
min'^ 
m 
2.00 
1.91 
2.02 
2.29 
2.29 
2.47 
2.43 
2.49 
2,66 
mt 
Avavtf* k •2,a9 X lO*^ •In*^ 
I8i ; 
TABLE 4 . 3 1 
^HjCOCOONa) 
TNtOH] 
2.0xlO*^M 
4,0xl0*^M 
0.20M 
Tttnp«raturt 45®C 
0.209M 
Tin* In 
nlnut«a 
0 
5 
10 
15 
20 
30 
40 
S5 
60 
70 
m 
Absoxbane* 
r.22 
0.19 
0,17 
0.15 
0.13 
0.09 
0.06 
0.04 
0.03 
0.02 
0.0 
Conc«ntration of 
Ft(CN)|"consuiii«d 
xlO*M 
n.o 
0.27 
0,45 
0.64 
0.82 
1.20 
1.46 
1.64 
1.73 
1*82 
2*00 
Fsaudio f i r s t oxdax rata 
eonatant ^ 
k X 10'' 
nln 
• 
2.93 
2.58 
2.55 
2.63 
3.06 
3.05 
3.10 
3.32 
3.42 
mt 
Avasafa k « 2.96 x 10*^ «lii'^ 
I S I 
TABLE 4 . 3 2 
DCgFttCN)^:! 
[CHgCOCOOMt] 
[NaDH] 
* 2*0x10* 
m 4.0x10" 
m 0.20M 
Tino in Absorbanc* 
ninut«t 
0 
5 
10 
15 
20 
25 
30 
35 
40 
45 
CP 
0.22 
0.18 
0,14 
0.11 
0.09 
0.07 
0.05 
0.04 
0.03 
0.02 
0.0 
M T«np«ratuz« 
•3M 
Concentration of 
Fe(CN)^*contuBi«d 
X 10**4 
0,0 
0,36 
0,73 
1.00 
1.20 
1.36 
1.55 
1.64 
1.73 
1.82 
2.00 
/ » 
• 50**C 
m 0.205M 
Psaudo f i r s t order 
rata constant 
«ln*^ 
• 
4.01 
4.52 
4.62 
4.58 
4.58 
4.94 
4.98 
4.98 
4.23 
Avaraga k - 4 . 6 0 x 10"^»in"^ 
1S2 
^3P«(CN)^ 
gn^CQCOon^ 
[N«OH] 
TABtH 4.33 
• 2,OxlO"*M T«iiip»rituyt 
« 4.0xl0' 
« 0.20M 
Tim* in Abtorbanc« 
ninut*t 
0 
5 
UO 
it 
21 
2S 
35 
40 
00 
0.22 
0.17 
0 . i 3 
O.iO 
0,07 
0,05 
0,03 
0«02 
0,0 
" ^ 
Conctntratiofi of 
F«(CN)|*coniwi»«d 
XiO^M 
0.00 
0,45 
0.82 
1,09 
1.36 
1.55 
1.73 
1.82 
2.00 
f 
• 55**C 
« 0.205M 
Pttudo f i r s t order rats 
constant /> 
k X 10^ 
mln* 
*» 
5.16 
5,26 
5,26 
5.45 
5,93 
5,69 
5,99 
m 
Avaraft k » 5.53x10*^ idn** 
o 
CO 
o 
^ 6ou3 
O 
CO 
CN 
CO 
<r 
CN 
rn 
o 
rn 
CD 
r^ 
ro 
•<T 
O 
^ • — . 
0< X 
7^ ^\^ 
CO 
CD 
m 
> s 
O) 
c 111 
c 
o 
> 
A-f 
u 
< 
i_ 
o 
»•-
• - ' 
o 
" Q . 
to 
5 
c 
^ 
k. 
o 
O 
oS 
•J-
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TA8LB 4 .34 
[KgFeCCN)^! « 2.CxlO"^M yu • 0.205M 
JCH3CO COON^ M . O x l O " ^ 
[N«OH] « 0.20M 
TeBf>«c«iture Ps«udo f irst ord«r Activation Energy 
°C k X 10^ «ln"^ Kc«l/nolt 
35 X.52 
40 2,28 
4S 2.96 12.77 
50 4.60 
55 5.53 
wher* th9 third column fthowsth* value of tha activation 
energy obtained by measuring the slope of the straight line 
obtained by plotting log k against l/T (Fig 4.11). The 
observed value of the activation energy of 12.77 Kcal/nole 
i s almost the sane as that obverved for the oxidation of 
hydrated fonsaldehyde by alkaline hexaeyanoferratedll) 
ionf^ 
4.10 DXSCa^ SSlON 
We 'now proceed to formulate the reaction mechanism 
in terms of* which i t i s possible to explain the various facts 
184 
obttrv*d in th« r«action between alkaline ferricyanid« ion 
and pyruvatt ion rtportad in tha axparimantal aaction. Tha 
machanian ao fonaulatad ahould, tharafoxa, ba abia to 
axplain» in particular tha third order nature of tha reaction, 
the passive nature of reaction products in the rate determin-
ing step and tha involvement of the free radical aa an 
intermediate in the reaction nechanian. 
I t may ba efflphaaized here again that the reaction ia 
of sinple kinetic order aubject to the proviao that, the 
molar concentration of the pyruvate ion ia far greater than 
that the aM>lar concentration of ferricyanide ion in a given 
reaction* Thia ia only beeauae under these conditions the 
reaction i s devoid of aide conplieations arising due to 
conplex formation between the reactants. From the experi-
mental reaults i t i s clear that tha order of the reaction ia 
unity with reapect to each reactant, ferricyanide ion, 
pyruvate ion *n4 hydroxyl ion. Ferrocyanide, oxalic acid 
and acetic acid aniona are the main reaction products. However, 
addition of theae anions externally to the reaction mixture 
do not appreciebly alter the reaction velocity at a given 
ionic atrength. I t was also observed that aome kind of free 
radicala are involved as an intermediate in the reaction 
maahaniam. Addition of aodium chloride and potaasium chlexide 
to increase in ionic strength of the reaction mixture,increaaas 
1S5 
th« rat* of th« reaction Mhil* afflmonlun chlorld* ratardt 
the reaction rata. Tht fact that tha rata ia much affactad 
by ionic atrangth of tha Radium, i t nay ba aaaunad that tha 
rata dataminin^ atapa involve the ionic apeeiea. 
Thua on tha baaia of the exparinental resulta under 
the conditiona mentioned above the probable rate law might 
be given aa 
. d Porricyanide . ^. [CH^CO COO-][OH-J [PeCCN)^'] 
and the probable achetne of ferricyanide oxidation of pyruvate 
ion in alkaline nediun night be conaidcrad aa followat 
(1) CHg- C - C^ • O H * = f e CHg- C • C^ 
I ^ , k , I ^ ® . 
(2) CH3- C - C • Fe(CH)|"—**• CH^M: - C • Fe(a<)J 
1 o* 1 o*" 
OH " OH '^ 
(3) CH3- C — C ^^^^ > CH3- C - OH • CO2 
1S6 
(4 ) 
OH " 
f«tt / 
OH 
0 
C + CH. 
\ . ^ 
•CH, 
f a s t 
XH. 
H^ O 
H' 
CHgOH •»• H* 
If th« concentration of tht di-lon for««d In th« 
stfltpd) reaches • steady state, the concentration of the 
dlanlon may be considered essentially constant I .e . from 
the st«9s(l} and (2), 
in 0" 
dt 
O « k^lfH^CO COO"] [OH*] 
- 1 
- 0-
CH^ C - coo' 
OH 
CH^- C - COO 
OH 
we have* 
0 
CHg* C - COO" 
im 
[Fe(CN)|"] 
k^ [CHgCOCOO*] [OH"? 
*^-l* k2 C?* ^CN)J*] 
. . . . (4.1) 
. . . . (4.2) 
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Th« n«t x«t« of ditappAaranc* of f«7rlcyanld« It ther«for«. 
CH« - C - COO 
3 I 
OH 
[F»ICN)^-] 
k^ k^  [CH3C0COO-] [OH-] [F#tCN)f] ^^ ^ ^^^3^ 
This rat« law Uquatton 4.3) predicts the x«taxdation at 
high ferricyanida concentzatlont w^lch however, was not 
observed in our case in the concentration range esiployed. 
Since )C|A.i equals to K, the equilibrium constant 
for the step (1) , the rate law (equation 4.3) reduces to 
d [Fe(CN)l"J K kg [CHgCOCOO-] [pH'] [Fa(CN)|'] 
• '"JV •"•"• • "^ " * " " • An,.,,..,,,, „, .,..n, ,...,., ,M,. .,,. .n ,g . , . . ^ ^ ^ ( 4 ^ 
1 • -T^- [F«(CN)rj 
4) 
^.1 
If the concentration of ferricyanide is sufficiently snail, 
i»-r^ [FS (CN)!"] 
•1 
and equation (4,4) becoaes 
. ..,„ir„ ^_^—L-« • K kj [CH3C0C00-] [oH*"] [Fe(CN)|*] 
- k » [CH^^Ooil [OH*] JFe(CN)|'] . . . (4.5) 
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Thfi obttrved third ord«r rate constant would then be le'> Kk2* 
This has been calculated for different sets of condition 
having the same Ionic strength and the values are summarised 
In Table 4.35. 
TABLE 4.35 
IjKgFoCCN)^  « 2.0x10"^« Temperature - 35®C 
Q^ aC3H3 « 0.30SS ;u « 0.31M 
<^ourse o f 
TABLE 
TABU: 
TABLE 
TABLE 
data 
4.6 
4 .7 
4.6 
4 . 9 
Third 
k« mo^ 
order rate constant 
Le^^llter^ min"^ 
29.50 
28.33 
28.11 
27.50 
The degree of agreement In third order rate constants (Table 4.35) 
substantiates the above mechanism. At constant ZSM'] and large 
ICHgCOO'] as compared to E^^tCN)!"^]. equation (4.5) reduces to 
d Fe(CH)." , 
3K ^-~ - ^ F«(CN)3-
where k is the observed pseudo first order rate constant with 
respect to ferrlcyanid*. Q. 
I ^ 
The fx99 radical, CH3- C - C , formed in the step(2) 
OH 0" 
is rapljly oxidised in alkaline aediun to acetic and oxalic 
acid anions using more ferrlcyanlde as shown by the fast 
steps!3), (4} and (5). It is worthwhile to mention that the 
189 
fr«tt radical fomad in tht ttap(2) waa choaan aa CH^ -C - C , 
rather than CH. - C • C. which could alao axplaln 
OH 
th« formation of acatic acid aattha reaction product by tha 
probabla faat a tap 
(6) CH-a • C C^ ^ CH- - C * C 
AH ^ ° ^ ° « ^0 
Thii ia , howtvtr, rultd out on tha considaratlon that tht 
Bt9p (6) 9iv*a a negativ* charga on th« •arbon aton of tha 
radical Ccf %«hil« atapO) ahowa th« fomation of th« 
radical ' C ^ witii a n«gativa charga on tha oxygan atom 
which ia dafinit«ly Mora probabl*. 
Th« fast at«pa (3) , (4) and (5) thcrafora, explain 
nicaly th« kinetic data and formation of acatic acid and 
oxalic acid aniona aa the final praducta* 
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